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COMPARATIVE  VASOMOTOR  REACTIONS  IN  BRANCHES  OF 
THE  ARTERIAL  TREE 

R.  E.  LEE  GUNNING 

From  the  Lahoralory  o/  Physiology  of  lAe  Norlhioestem  Univcrnilij  Medical  School 

Received  for  publication,  April  19,  1916 

That  arterial  pressure  varies  in  different  portions  of  the  arterial  tree 
has  long  been  known.  Hurthle  (1)  aft«r  a  series  of  experiments  on 
dogs,  cats  and  rabbits  came  to  the  conclusion  that  the  mean  end  prct^ 
Bure  in  the  carotid  artery  was  always  slightly  higher  than  that  in  the 
femoral  artery.  Earlier  Volkman  (2)  reported  that  the  systolic  end 
pressure  of  the  femoral  artery  was  greater  than  that  of  the  carotid  ar- 
tery. Poiseuille  (3)  early  and  Dawson  (4)  later,  have  shown  Hiat  the 
mean  pressure  is  relatively  constant  throughout  the  larger  branches 
of  the  arterial  tree.  That  the  systolic  end  pressure,  as  measured  by  the 
usual  methods  decreases  with  the  increase  in  distance  from  the  heart 
(and  with  possibly  the  decrease  in  the  diameter  of  the  artery)  is  a  well 
Icnown  fact  and  easily  demonstrable. 

The  technique  used  in  this  laboratory  of  taking  a  series  of  blood  pres- 
sure records  as  an  index  to  the  condition  of  the  vasomotor  apparatus 
of  an  animal,  has  of  necessity  demanded  the  use  of  a  different  branch 
of  the  arterial  tree  in  each  successive  determination.  Those  used  have 
been  right  and  left  femoral,  right  and  left  subclavian  and  right  and  left 
carotids.  The  systolic  end  pressure  under  the  infJuenco  of  varying  doses 
of  adrenin,  nicotine  and  sometimes  pituitrin  were  used  to  t*.st  the  vaso- 
motor irritability.  Since  this  systolic  end  pressure  is  known  to  vary  in 
the  different  arteries,  this  question  arose:  does  the  arterial  pressure 
throughout  the  arterial  tree  rise  the  same  number  of  millimeters  of 
mercury  or  does  the  rise  bear  a  constant  ratio  to  the  normal  systolic 
pressures  occurring  in  the  individual  arteries?    That  the  rise  is  constant 
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^  ha^-beeh'assunied  as  demonstrated  but  a  recent  search  of  the  literature 
l.'tfftslailcd  to  reveal  anj-  definite  grounds  for  the  supposition.  A  priori 
-■"it  might  l>e  thought  that  the  factors  which  cause  variations  in  the  sys- 
tolic pressure  might  cause  also  a  difference  in  the  pressor  or  depressor 
responses  to  drugs.  The  matter  should  be  determined  by  direct  ex- 
perimentation. It  has  I>een  partly  answered  in  this  laboratory  in  a 
series  of  experiments  by  Hoskins  and  Wheelon  (5)  from  an  extended 
study  of  the  variability  of  blood  pressure  and  of  vasomotor  irritability 
in  the  anesthetized  dog.  They,  however,  took  their  records  from  but 
one  artery  at  a  time.  They  observed  that  the  blood  pressure  main- 
tainetl  a  fairly  constant  level  and  that  the  rises  in  pressure  induced  by 
intravenous  injections  of  pressor  drugs  were  also  fairly  constant  for 
equal  injections.  Whether  a  difference  in  reaction  in  the  different  ar- 
teries contributoti  any  variability  to  their  results  was  not  determined 


To  decide  the  i*oint.  normal  dogs  were  anesthetized  in  the  usual 
manner  with  ether.  Hall  rcser\-oir  cannulas  of  essentially  the  same 
size  were  inserttHi  into  (he  different  arteries.  These  were  connected 
hy  equal  lenjrths  of  uniform  rublter  tubing  with  the  large  Harvard  mer- 
curj-  manometers  also  of  pnictically  the  same  bore.  The  mercur>'  col- 
umns stood  ai  12.5  cui.  in  each  manometer  and  the  bases  of  the  ma- 
nometers were  on  the  same  level. 

Injootions  of  adn^nin,  ntcvUine  and  pituitrin  were  used  to  stimulate 
the  va.<.munor  system.  For  the  injection  of  these  a  venous  cannula 
was  ci.*nnec'uii  !>y  a  short  piive  of  rubber  tubing  with  a  100  cc.  burette 
ctiii;sii!ing  iVS  p.^r  iviil  sodium  chloride  solution.  The  dnip  soluiions 
were  injtH-lrtl  by  hvjx'-lfnnic  s_\-ringe  into  the  ruhU>r  tubinp  al>ove  a 
cUiSip  "shut  off"  and  then  run  into  the  vein  with  10  oc.  of  the  salt 
St'Iu:ii>n. 

The  MoihI  prtssurvs  wene  r('viin.ied  on  separate  driuns  on  which  they 
werv  n'.ea.*ur\>.l  wi;hout  any  n'forence  to  each  other.  The  data  were 
lat-r  s^gTvpiTt-.!  a.'.d  c-^mpjir*-!!. 

RESrLTS 

Tht-  Ti.tar.  prt— •■;>■?  in  tin'  (lifferent  arteries  use»i  were  found  to  varA- 
n^'T^-  ;h:ir.  :h<  l::<r..:';r--  "r.  the  subject  would  lead  one  to expiTt.  They 
^:;fft■T>^i  u--,;;.!!y  iy  ;:  ;■..  s  mm.  to  40  mm.  of  mercur\-.  In  one  case 
thi  T  »si  a  verv  i; :.:-.■,;:.;  iifTerence  of  120  mm.  of  nuTcurA-  in  <liffcrent 
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arteries  of  the  same  dog.     This  was  proved  beyond  question  but  the 
cause  was  not  determined. 

In  no  case  was  there  a  significant  difference  in  the  amount  of  rise 
regardless  of  whether  the  rise  be  sharp  or  gradual,  of  a  few  mm.  of 
mercury  or  many.  The  results  obtained  from  one  experiment  are  given 
below.  The  pressure  noted  as  "systolic"  is  the  highest  indicated  by 
the  mercury  manometers.  The  actual  damping  effect  of  the  instru- 
ments was  not  determined. 


Simultaneota  rise  of  blood  pressure 

n  diferent  arleriex 

aiam  nuout. 

""f^^'-r'" 

^'Molic  B.  P.. 
U«D.  M  mm. 

Sy^B  B.  P., 

8y.tolic  B.  p.. 

34 
40 
34 

27 
48 
35 
28 
29 

34 
42 
38 
26 
48 
36 
30 
30 

?p 

?<■ 

.  Nicotine. 

Even  more  striking  was  the  constancy  of  reaction  in  the  animal  which 
showed  the  greatest  difference  in  systolic  pressure.  For  instance  2 
cc.  of  adrenin  caused  the  pressure  in  the  carotid  artery  to  rise  from 
220  mm.  to  258  mm.  while  in  the  femoral  artery  it  went  from  98  mm.  to 
136  mm.     Exactly  38  mm.  in  each  case. 

Attempts  were  then  made  to  determine  how  far  toward  the  periphery 
of  the  arterial  branches  this  constancy  persisted.  Capillary  cannu- 
las were  made  with  which  arteries  as  small  as  0.5  mm.  in  diameter  could 
be  utiUzed. 

It  was  found  that  if  cannulas  of  the  same  size  were  used,  one  in  a 
branch  0.5  mm.  in  diameter  and  another  in  a  branch  5  mm.  in  diameter, 
the  rises  and  falls  in  pressure  maintained  the  same  constancy.  If,  how- 
ever, the  cannulas  were  not  of  the  same  size  the  rises  bore  an  approxi- 
mately direct  ratio  to  the  sizes  of  the  cannulas. 

Later  the  depressor  reactions  induced  by  small  doses  of  adrenin  and 
of  the  nitrites  were  compared  and  found  to  be  as  constant  as  the  pres- 
sor reactions. 
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These  reBults  show  that  a  sudden  rise  or  fall  in  arterial  pressure  is 
immediately  transmitted  to  all  proximal  parts  of  the  greater  arterial 
system  to  the  same  extent  regardless  of  the  existing  pressm^  in  the 
artery  from  which  it  is  measured. 

The  outcome  of  the  experiments  presents  an  interesting  problem  in 
mechanics.  The  fact  that  different  systolic  and  mean  pressures  exist 
in  various  arteries  under  a  constant  head  of  pressure  indicates  that  the 
peripheral  resistance  to  outflow  is  variable  in  the  different  branches. 
The  augmentation  of  the  resistance  produced  by  the  pressor  drugs 
might  be  expected  also  to  vary  in  different  branches,  thus  producing  a 
similar  difference  in  the  pressor  effects,  but  such  is  not  the  case.  This 
fact  might  be  supposed  to  be  correlated  with  the  briefness  of  the  re- 
action, whereas  a  longer  acting  pressor  influence  might  allow  an  equilib- 
rium to  be  established  and  a  differing  rise  sustained.  The  use  of 
pituitrin,  however,  shows  that  such  is  not  the  case;  that  irrespective  of 
the  duration  of  the  reaction  the  pressor  effect  is  the  same  even  when 
there  is  a  marked  difference  in  the  initial  pressures. 


Vasomotor  reactions,  pressor  and  depressor,  in  branches  of  the  arte- 
rial tree  which  may  be  of  great  variations  in  diameter  and  of  varying 
initial  systolic  and  mean  pressures,  are  equal.  This  can  easily  be 
demonstrated  provided  there  is  no  essential  difference  in  the  size  of  the 
cannulas  used  to  measure  such  responses. 

I  wish  to  express  my  sincere  appreciation  of  the  suggestions  and  criti- 
cisms of  Dr.  R.  G.  Hoskins  during  the  preparation  of  this  paper. 

BIBLIOGRAPHY 

(1)  HObthle:  Pfluger's  Arch,,  1890,  xlvii,  32. 

(2)  Volkman;  Hamodynamik.  Leipiig.  1R50,  168. 

(3)  PoiBCDitlTE:  "Rech.  sur  Ic  force  d.  coeueraortique."    Thtee,  Paris,  1828. 

(4)  Dawbon:  Journ.  Exp.  Med.,  1906,  vii,  1; 

Thia  Journal,  1906,  xv,  224. 

(5)  HosKtTtB  AND  Wbeelon  :  This  Journal,  1914,  xxriv,  81. 


r>' Google 


THE  BONE  MARROW  AS  A  SOURCE  OF  PROTHROMBIN 

CECIL  K.  DRINKER  AND  KATHERINE  R.  DRINKER 

Front  Iht  Phynotogical  lioboralory,  John*  Hopkiiu  Univenitjf 

Received  for  publication  April  21,  1916 

I.  raTEODUCnON 

The  modern  history  of  blood  coagulation  begins  with  the  work  of 
Alexander  Schmidt  in  1861.  Since  that  time  a  vast  literature  has 
grown  about  the  subject,  indeed  has  reached  such  a  size  that  it  is  a 
confusing  task  to  cover  the  work  upon  one  element  in,  or  one  phase  of 
the  process.  The  present  invest^tion  concerns  itself  with  the  origin 
of  prothrombin  from  the  bone  marrow.  This  substance  forms  one  of 
the  indispensable  factors  for  coagulation.  Its  necessity  is  recognised 
by  all  theories  for  the  explanation  of  this  process  and  the  technique 
which  we  have  employed  for  the  demonstration  of  its  presence  is  equally 
acceptable  to  all  theories.  Morawitz  (1,  2),  in  1904  and  1905  has  re- 
viewed the  literature  upon  the  origin  of  prothrombin  or  thromlx^en 
or  fibrin  ferment  as  the  substance  is  variously  called.  We  shall  men- 
tioD  no  specific  work  published  prior  to  these  articles,  confining  our- 
selves to  a  statement  of  the  views  which  existed  id  1904  and  their  modi- 
fication up  to  the  present  date.  Such  views  may  be  grouped  briefiy 
as  follows: 

(a)  Prothrombin  arises  from  all  the  formed  elements  of  the  blood. 

(b)  Prothrombin  arises  from  the  leucocytes. 

(c)  Prothrombin  arises  from  the  platelets: 

1.  Which  are  produced  by  leucocytes  and  erythrocytes; 

2.  Which  are  independent  elements. 

(d)  The  formed  elements  of  the  blood  have  nothing  to  do  with 
clotting. 

(e)  Prothrombin  cannot  be  obtained  from  blood  free  tissue  so  its 
source  of  or^^  must  be  in  the  blood  iteelf . 

Formed  eUmetUa  of  the  blood.  Howell  (3)  in  his  work  on  the  coagula- 
tion of  lymph  collected  from  the  thoracic  duct  can  not  decide  finally 
upon  the  presence  of  prothrombin  in  the  lymphocytes.    He  concludes 
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that  if  lymphocytes  do  cootain  this  substaDce  it  ifi  in  extremely  small 
amounts.  Further  evidence  against  the  origin  of  prothrombin  from 
this  source  is  found  in  the  failure  of  attempts  to  obtain  it  from  extracts 
of  lymph  glands.  Such  efforts  have  been  very  carefully  made  by 
Nolf  (4,  5). 

Work  upon  other  colorless  corpuscles  of  the  blood,  mast  cells  and 
those  indefinite  types  classed  as  large  mononuclears,  has  been  impos- 
sible since  these  cells  can  not  be  collected  in  sufficient  numbers  to  per- 
mit study. 

There  is  no  doubt  that  thoroi^hly  washed  mammalian  erythrocytes 
do  not  yield  prothrombin.  The  nucleated  red  corpuscles  of  lower 
forms  are  equally  deficient.  Study  of  isolated  normoblasts  of  the  mam- 
mal has  been  impossible,  but  in  our  series  of  experiments  we  have  fotmd 
that  there  is  no  parallelism  between  the  prothrombin  content  and  the 
number  of  normoblasts  in  the  fluids  we  have  tested. 

Leucocytes.  Morawitz  (t)  has  studied  the  question  of  the  origin  of 
prothrombin  from  the  leucocytes.  After  aleuronat  injections  he  ex- 
amined the  washed  polymorphonuclear  leucocytes  so  obtained,  and 
found  their  prothrombin  content  practically  nil.  This  was  the  first 
satisfactory  direct  examination  of  these  elements,  former  conclusions 
being  based  on  the  fact  that  in  coagulation  there  is  probably  some 
leucocyte  destruction.  Nolf  (4)  also  finds  no  prothrombin  in  the  Ieu> 
cocytes  but  does  get  evidence  of  a  large  amount  of  thromboplastic  mate- 
rial, which  in  this  particular  case  he  calls  leucothrombin,  and  later 
thrombozyme  (5).  Bordet  and  Delange  (6)  find  a  large  amount  of 
thromboplastic  substance  in  the  leucocytes  but  nothing  that  corre- 
sponds with  any  certainty  to  prothrombin.  Their  experiments  have 
been  confirmed  by  Lee  and  Vincent  (7). 

The  question  of  prothrombin  origin  from  young  forms  of  the  leuco- 
cytic  series  has  not  been  adequately  investigated.  In  our  own  ex- 
periments when  myelocytes  have  been  numerous  in  the  fiuid  tested 
there  has  been  no  significant  increase  in  the  amount  of  prothrombin. 

Blood  platelets.  There  is  a  growing  conviction  that  in  the  adult  mam- 
mal plates  do  not  arise  from  leucocytes  nor  from  erythrocytes,  but  fol- 
lowing the  work  of  Wright  (8)  from  the  megacaryocytes  of  the  bone 
marrow.  Ogata  (9),  Bunting  (10),  Downey  (11),  and  very  recently 
Ferrata  and  Negreiros-Rinaldi  (12),  have  given  Wright's  work  the  most 
ample  histological  verification.  The  absence  of  prothrombin  from 
erythrocytes  and  from  all  forms  of  white  Cells  encourages  this  view. 
Morawits  (1)  obtained  platelets  in  pure  form  by  differential  centrifugali- 
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sation  and  showed  them  to  be  rich  in  prothrombm.  Nolf  (5)  found 
only  a  moderate  amount  of  prothrombin  in  the  plates.  Bayne-Jones 
(13)  has  completely  confirmed  the  work  of  Morawitz. 

Formed  elemerUs  of  blood  nof  concerned  in  coagxtlation.  These  demon- 
BtrationB — and  they  might  be  multiplied — of  large  amounts  of  prothrom- 
bin in  the  plates  dispose  effectively  of  the  idea  that  the  formed  elements 
of  the  blood  have  nothing  to  do  with  clotting.  We  know  definitely 
from  the  work  of  Deetjen  (14)  and  others  that  disintegration  of  the 
plates  accompanies  the  act  of  coagulation  and  indeed  is  one  of  the  first 
features  in  it. 

Origin  of  prothrotabin  from  Uaxties  other  than  the  blood.  Nolf  (5)  and 
Rettger  (15)  have  found  traces  of  prothrombin  in  extracts  made  from 
the  spleen.  Rettger  obtained  what  he  beheved  to  be  a  possible  trace 
from  washed  bone  marrow.  With  the  exception  of  the  liver  no  other 
tissues  have  been  shown  to  contain  prothrombin.  Nolf  (16)  believes 
that  nearly  the  whole  supply  of  prothrombin  is  formed  by  the  Uver,  bas- 
ing his  belief  upon  the  disappearance  of  fibrinogen  and  of  prothrombin 
from  the  circulation  when  the  fiver  is  removed. 

Selling  (17)  first  demonstrated  extensive  bone  marrow  destruction  ia 
benzol  poisoning.  Duke  (18)  found  an  extremely  low  platelet  count 
in  this  condition  and  ascribed  (he  bleeding  tendency  to  this  deficiency. 
Hurwitz  and  Drinker  (19)  carried  these  observations  a  step  further  by 
finding  an  agreement  between  the  platelet  loss  so  produced  and  the 
quantity  of  prothrombin  in  the  blood. 

We  may  say  in  eimunary,  therefore,  that  prothrombin  has  been 
shown  to  exist  in  the  blood  plates,  and  that  these  elements  originate 
from  the  roegacaryocytes  of  the  bone  marrow.  The  evidence,  however, 
that  the  bone  marrow  itself  as  a  distinct  tissue  contains  prothrombin 
is  very  sfight.  So  far  as  is  known  other  tissues,  with  the  possible  ex- 
ception of  the  liver  and  of  the  spleen,  have  no  significant  part  in  the 
manufacture  of  this  element. 

While  devising  a  method  of  perfusing  bone  marrow,  the  opportunity 
presented  itself  of  studying  the  prothrombm  content  of  the  perfusing 
fluid  after  its  passage  through  the  marrow.  The  discovery  of  an 
unexpectedly  large  amount  of  prothrombin  in  this  fluid  led  the  authors 
to  make  careful  studies  of  specimens  of  fluid  taken  at  frequent  intervals 
during  the  course  of  perfusions  lasting  3  to  6  hours,  with  respect  to 
their  content  of  cells  and  of  prothrombin.  The  results  of  these  studies, 
which  are  reported  in  detail  in  this  paper,  lead  to  the  conclusion  that 
the  bone  marrow  is  an  important  and  specialized  source  of  prothrombin. 
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B,  Mdhod  of  testing  apectTMns  for  prothrondnn 

The  method  of  determimng  the  amount  of  prothrombin  in  the  varioiis 
q>ecimeii8  differed  according  to  the  perfusing  fluid.  When  Ringer's 
sohition  was  used  the  prothrombin  tests  were  made  by  addii^  to  a 
given  amount  of  a  fibrini^n  solution  in  a  series  of  test  tubes,  a  definite 
amount  of  each  specimen,  and  determining  the  time  required  for  the 
first  ragns  of  clotting;  e.g.,.^6nno(fen,  0.5  cc;  »peeimen  J,  1.0  cc;  coagu- 
lation time,  4  minutes.  The  calcium  in  the  Ringer's  solution  was  suf- 
ficient to  convert  all  of  the  prothrombm  m  the  different  specimens 
into  thrombin,  which  substance  then  reacted  with  the  fibrinogen  to 
form  fibrin.  In  every  experiment  each  prothrombin  test  was  made 
in  duplicate. 

When  0.9  per  cent  sodium  chloride  was  used  as  the  perfusing  fluid 
it  became  necessary  to  add  calcium  as  well  as  fibrinogen  to  the  speci- 
mens before  clottii^  could  occtu-.  This  was  accomplished  by  adding 
a,  certain  number  of  drops  of  a  0.5  per  cent  calcium  chloride  solution 
to  eacti  test  tube  containing  the  required  amount  of  fibrint^n,  before 
any  of  the  specimen  to  be  tested  was  added;  e.g.,  fibrinogen,  0.5  cc; 
0.5  -per  cent  CaClt,  2  drops;  specimen  1,  1.0  cc;  eoaguUtiion  tiine,  9 
minutes. 

When  sodium  oxalate  made  up  in  physiological  saline  solution  was 
used  as  the  perfusing  fluid,  the  same  procedure  of  adding  calcium 
chloride  to  the  series  of  tubes  was  followed  but  in  these  cases  it  was 
necessary  to  add  an  amount  of  calcium,  sufficient  not  only  to  precipitate 
out  all  of  the  oxalate  in  the  solution,  but  sufficient  also  to  convert  all 
of  the  prothrombin  present  into  thrombin.  He  amount  of  calciimi 
necessary  to  accomplish  these  two  purposes  was  determined  in  each 
experiment. 

The  fibrinogen  solutions  used  in  these  tests  were  made  from  the  plas- 
ma of  cats  by  Howell's  modification  of  the  Hammarsten  method  of  pre- 
cipitation by  half  saturation  with  sodium  chloride  (21).  A  fresh  solution 
oS  fibrint^en  was  made  in  nearly  every  case  on  the  day  before  the 
experiment,  since  solutions  of  isolated  filsinogen  deteriorate  in  a 
few  days.  Each  solution  of  fibrinogen  was  tested  immediately  be- 
fore being  used  with  respect  to  its  clotting  power  when  added  to  a 
solution  of  thrombin  (22).  No  fibrinogen  solution  was  used  unless  0.5 
cc.  of  it  when  added  to  0.2  cc.  of  thrombin  solution  gave  a  clot  in  5 
minutes  or  les9. 
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C.  Method  of  testing  for  fibrinogen 

In  one  experiment  a  certain  amount  of  a  thrombin  solution  was 
added  to  a  definite  amount  of  each  specimen  of  perfusing  fiuid  to  deter- 
mine by  the  appearance  or  non-appearance  of  clots  whether  or  not  the 
specimens  contained  any  fibrinogen;  e.g.,  specimen,  0.7  cc;  thrombin, 
0.2  cc.;  coagulation  time,  no  clot  in  four  hours.  No  dots  appeared 
in  any  case.  This  led  the  authors  to  conclude  that  the  bone  marrow 
is  probably  not  a  Bource  of  fibrinogen. 

D.  Other  studies  made  on  morrow  perfusates 

In  each  perfusion  specimen  a  count  was  made  of  the  number  of  red 
blood  cells  present  and  of  the  number  of  white  cells.  Smears  and 
differential  counts  were  also  made.  Sections  were  made  ofthe  nor- 
mal and  of  the  perfused  bone  marrow  with  the  view  of  studying  the 
effect  of  perfusion  on  the  histological  appearance  of  this  structure 
The  difficulty,  however,  of  making  satisfactory  sections  ofthe  marrow 
of  the  dog  because  of  the  cancellous  tissue  which  enmeshes  the  red 
marrow,  made  these  histological  studies  unsatisfactory. 

E.  Types  of  amtrol  experiments 

Three  types  of  control  experiments  were  performed. 

1.  Experiments  to  determine  the  amount  of  prothrombin  demonstra- 
ble in  normal  bloods  of  various  cellular  concentrations,  with  and  without 
the  addition  of  thromboplastic  substance. 

2.  Experiments  to  determine  whether  or  not  solutions  dripping  over 
the  surface  of  a  fresh  naked  bone  acquire  any  prothrombin. 

3.  Experiments  to  determine  whether  or  not  prothrombin  is  con- 
tained in  fluids  perfused  through  organs  other  than  the  bone  marrow. 

III.    EXPERIMENTAL  RESULTS 

A .  Perfusions  with  Ringer's  solution  and  v>ith  OS  per  cent  sodium  chloridr 

In  the  early  experiments  perfusions  were  made  with  Ringer's  solu- 
tion, the  tibias  perfused  being  stripped  of  muscles,  tendons,  etc.,  and 
then  placed  in  a  glass  chamber  as  previously  described.  Specimens 
obtained  in  this  manner  all  showed  the  presence  of  considerable  amounts 
of  prothrombin  though  some  bones  yielded  more  than  others.    The 
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following  table  compiled  from  the  results  of  Experiment  XXIII  illus- 
trates the  usual  findings  in  this  type  of  experiment, 

TABLE  1 

Experimenl  XXIIl  {Ringer't  aolufion) 


arBciHBHi 

1 

J 

3 

* 

S             B 

7 

e 

ProtbrombiD  time  in  min- 

4 
3500 
150 

«.4 

12 
1500 
200 

6.4 

28 
500 
00 

5.0 

38 
600 
50 

4.5 

32 
700 
60 

3.6 

46 
800 
100 

3.0 

36 
850 
110 

2.3 

Red  blood  cells  per  c.  mm. 
White  blood  cells  per  c.  mm. 
Rate  of  flow  in  cc.  per 

1650 
135 

In  Ringer  perfusates  all  the  prothrombin  present  is  activated  to 
thrombin  by  the  calcium  in  the  sol\ition.  In  the  early  specimens 
which  contain  a  certain  amount  <^  blood,  this  prothrombin  may  en- 
counter enough  fibrinogen  to' cause  the  formation  of  small  clots.  In 
this  way  thrombin  is  used  up  and  less  of  it  is  demonstrable  in  the 
collected  specimens.  For  this  reason,  after  using  Ringer's  solution 
in  a  number  of  cases,  it  was  found  more  satisfactory  to  perfuse  with 
0.9  per  cent  sodium  chloride.  Under  these  circumstances  there  is 
no  possibility  of  clotting  until  the  investigator  adds  both  calcium 
and  fibrinogen  at  the  time  of  making  his  tests.  The  sodium  chloride 
perfusates  in  all  cases  were  rich  in  prothrombin,  as  the  following  table 
taken  from  Experiment  XI  will  testify. 

TABLE  1 

Bipen'menX  XI  {0.9  per  cent  ^oCT) 


Prothrombin  time  in  mi 

Red  blood  cells  per  c.  bun. 
White  blood  cells  per  c.  nun- 
Rate  of  flow  in  cc.  per  min- 
ate 
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B.  Control  experimentt:  possible  sources  of  prothrombin  other  tlwn  the 
marrow 

(1)  Blood.  In  an  examination  of  these  tables  the  question  naturally 
arises — Is  the  small  amount  of  blood  which  these  specimens  contain 
the  source  of  the  prothrombin  in  them?  In  Experimefat  XI  (table  2) 
blood  was  allowed  to  flow  from  the  carotid  artery  of  the  dog  whose 
tibia  was  being  perfused  into  a  large  volume  of  0.9  per  cent  sodium 
chloride  imtil  the  color  of  the  salt  solution  closely  resembled  that  of 
the  first  specimen  of  perfusing  fluid. 

A  count  was  then  made  of  the  number  of  red  cells  in  this  diluted 
blood  and  a  determination  of  the  time  required  for  dotting  after  the 
addition  of  a  ^ven  amount  c^  calcium  chloride  and  of  fibrinogen — 
this,  latter  maneuver  constltutii^  our  usual  test  for  prothnmibin; 
e.g.,jibrinofien,  0.5  cc.;0.5  percent  CaCh,  2  dmpa;  diluted  blood,  1.0  ec; 
eoagulatioH  time,  no  clot  in  3  hours,  49  minutes. 

The  number  of  red  cells  per  c.  mm.  in  the  diluted  blood  was  3500: 
the  prothrranbin  test  gave  no  clot  in  3  hours  and  49  minutes.  The 
first  specimen  <tf  marrow  perfusate  taken  f nun  the  same  dog  showed 
3400  T«d  cells  per  c.  mm.,  apiMtmmately  the  same  number  as  in  the 
dil»ited  blood;  while  the  prothrombin  test  in  this  specimen  gave  a  dot 
in  9  minutes. 

We  next  prepared  from  Dog  XI  a  second  lot  of  diluted  blood  in 
which  the  red  cell  concentration  was  determined  to  be  25^20  cells  per 
c.  mm.  The  prothrombin  time  in  this  case  was  34  minutes.  These 
figures  in  their  turn  should  be  contrasted  with  the  red  cell  count  of 
3400  per  c.  mm.  and  the  prothitMubin  time  ai  9  minutes  m  the  first 
specimen  of  the  perfusing  fluid, 

TTiese  observations  on  diluted  blood  furnish  definit'e  evidaioe  that 
the  small  amounts  of  blood  present  in  the  specimens  of  fluid  whidi 
have  passed  throu^  the  marrow  are  not  the  source  of  the  prothrombin 
in  them. 

In  ordw  to  furnish  still  further  evidence  on  this  point  Experiment 
XIII  was  perfonned  in  which  a  ^ven  amount  of  oxalated  Uood  was 
diluted  with  0.9  per  cent  sodium  chloride  through  a  series  oi  progresave- 
ly  increasing  dihitions.  At  each  dilution  a  red  cell  count  and  a  white 
ce41  count  was  made,  and  the  prothrombin  time  was  determined  in  thf 
usual  manner.  In  this  way  we  determined  ^prorimately  the  nonnal 
proihrcHnbin  time*  for  bloods  of  different  cellular  ooncCTtratiotis. 
Whoi  these  normal  prothrombin  times  are  compared  with  the  |Ht>thrc«D- 
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bin  times  of  specimens  of  Rii^r's  Bolution  or  of  0.9  per  cent  sodium 
chloride  which  have  passed  throi^  the  marrow,  it  will  be  found  in 
every  case  that  the  marrow  perfusates  contun  much  greater  amounts  of 
prothrombin. 

TABLES 

SxperimetU  XIIJ  {Blood  diluted  wiU  0.9  ptr  e«nJ  NaCt) 


I 

1 

I 

4 

s 

0 

7 

s 

• 

10 

DOdtiofi:  Blood 
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Table  3  summarizes  the  figures  obtained  in  Experiment  XIII.  But 
it  must  be  remembered  that  in  many  of  the  experiments  the  speci- 
mens of  perfusing  fluid  dripped  over  the  surface  of  the  bone  before 
they  were  collected.  Id  this  way  each  specimen  received  an  increment 
of  thromboplastic  substance. 

In  order  to  simulate  this  state  of  affairs  in  diluted  blood  a  second 
lot  of  oxalated  blood  was  diluted  with  water  in  a  series  of  dilutions 
corresponding  to  the  0.9  per  cent  sodium  chloride  dilutions  just  de- 
scribed. The  water  at  once  caused  complete  hemolysis  with  the  libera- 
tion of  large  amotmts  of  thromboplastic  substance.  Since  it  was  not 
possible  in  this  series  to  coimt  the  number  of  red  cells  at  each  dilution, 
the  concentration  of  blood  in  each  specimen  was  estimated  from  the 
corresponding  sodium  chloride  specimen. 

The  prothrombin  times  in  the  water  diluted  bloods  were  then  tested 
in  order  to  determine  the  effect  of  the  increment  of  thromboplastic 
material  on  the  rate  of  clotting.  The  figures  obtained  in  this  series 
may  be  seen  in  table  4. 

But  even  these  shorter  prothrombin  times  contrast  markedly  with 
the  still  shorter  prothrombin  times  in  marrow  perfusates  of  the  same 
red  cell  concentration.    Take  for  example  in  table  4  the  specimen  of 
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TABLE  4 

Experiment  XIII  {Blood  diluted  with  H,0) 
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water  diluted  blood  which  contained  3450  red  cells  per  c.mm.  The 
prothrombin  test  on  this  blood  gave  a  clot  in  222  minutes.  Perfusion 
specimen  1  of  Experiment  XI  contained  3400  cells  per  cmm.;  the  pro- 
thrombin time  was  9  minutes.  These  observations  seem  to  us  to  prove 
conclusively  that  while  the  dilute  blood  present  in  the  perfusion  speci- 
mens undoubtedly  adds  a  trace  of  prothrombin  to  these  liquids,  it 
is  certainly  not  the  chief  source  of  the  prothrombin  which  they  contain. 

(2)  Surface  of  the  bone.  After  eliminating  the  blood  as  the  chief 
source  of  the  prothrombin  in  the  marrow  perfusates,  we  next  investi- 
gated the  question  as  to  whether  or  not  salt  solution  which  has  not 
passed  through  the  marrow  but  which  has  dripped  over  the  surface 
of  a  fresh  bone,  contains  any  prothrombin.  Experiments  on  this 
point  demonstrated  that  a  solution  dripping  slowly  over  a  freshly 
stripped  bone  picks  up  small  amounts  of  blood  and  in  this  way  acquires 
traces  of  prothrombin.  That  the  amounts  of  prothrombin  acquired 
in  this  way  are  very  small  may  be  seen  from  table  5  (Exp.  XV)  which 
should  be  contrasted  with  table  2  (Exp.  XI),  showing  the  prothrombin 
present  in  marrow  perfusates. 

In  order  to  eliminate  entirely  the  factors  involved  when  the  perfusing 
fluid  drips  over  the  bone,  a  series  of  experiments  was  performed  in 
which  the  bone  was  not  removed  from  the  animal  after  the  establish- 
ment of  perfusion.  The  technique  of  this  preparation  has  ab%ady 
been  described.  The  disadvantage  to  this  method  of  collection  is 
the  fact  that  the  specimens  are  apt  to  contain  more  blood  than  speci- 
mens obtained  in  the  manner  first  described.  This  disadvantage 
prevented  us  from  using  exclusively  this  method  of  collection.     The 
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TABLE* 
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results  obtained  from  prothrombin  tests  on  perfusing  fluids  collected 
directly  from  the  popliteal  vein  showed  that  these  liquids  contamed  a 
quantity  of  prothrombin  greater  than  could  possibly  be  accounted 
for  by  the  amount  of  blood  in  them.  The  following  table  taken  from 
Experiment  XVI  gives  a  series  of  figures  illustrating  this  fact. 
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(3)  Othenrrgans.  Prothrombin  cxmterU  of  0.9  per  (xnt  sodium  ehioride 
perfused  through  liver  and  spleen.  In  order  to  determine  whether  or 
not  liquids  perfiised  through  organs  other  than  the  bone  marrow  show 
a  content  of  prothrombin,  perfusions  were  made  of  the  spleen  of  a 
dog  and  of  the  liver  of  a  guinea  pig  and  the  perfusing  fluids  examined 
for  prothrombin.    The  results  m  the  case  of  the  spleen  were  negative. 
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The  traces  of  prothrombin  found  could  be  accounted  for  by  the  blood 
present.  In  the  liver  on  the  contrary  a  certain  small  amount  of  pro- 
thrombin was  found  which  could  not  be  due  to  blood. 

C  Potnble  sources  of  proihTombtn  obtaiTied  from  bone  marrow 

The  question  which  next  arose  in  this  series  of  experiments  was — 
What  cells  in  the  bone  marrow  are  the  source  of  the  prothrombin? 
In  attempting  to  answer  this  question  we  considered  as  a  possible 
source  each  of  the  following  groups  of  cells: 

(1)  Leucocytes, 
(g)  Lymphocytes. 
(S)  Myehq/tee. 

(4)  Nucleated  red  ceUt. 

(5)  Megacaryocytea. 

(6)  Blood  pUUeUia. 

(7)  Watideritig  endothelial  cells. 

(I,  2,  3,  4)  Leucocytes,  lymphocytes,  myetocytee,  nucleated  reda.  Of 
these  seven  groups  of  cells  we  easily  eliminated  the  first  four  as  possible 
sources  of  prothrombin.  In  nearly  all  of  our  experiments  portions 
of  the  perfusion  specimens  were  centrifugalized  and  Smears  made  from 
the  sediments  obtained.  Differential  counts  on  these  smears  gave 
the  percentage  of  the  differ^t  types  of  cells  present  in  each  specimen. 
By  this  means  we  were  able  I'D  compare  the  amounts  of  prothrombin 
present  with  the  number  of  cells  of  each  variety  found.  We  were 
never  able,  however,  to  establish  the  least  parallelism  between  the 
amounts  of  prothrombin  present  and  the  number  either  of  leucocytes, 
lymphocytes,  myelocytes,  or  nucleated  red  cells,  A  specimen  rich 
in  leucocytes,  for  example,  was  often  rich  in  prothrombin,  and  equally 
otten  its  prothrombin  content  was  exceedingly  low.  That  these 
results  agree  with  the  work  of  other  investigators  may  be  seen  by 
referring  to  our  introductory  discussion  of  the  theories  of  origin  of 
prothrombin. 

(5,  6)  Megacaryocytes  and  l^ood  pl(Uelets.  The  possibility  of  the 
origin  of  the  bone  marrow  prothrombin  from  the  m^acaryocytes  or 
the  platelets  deserves  careful  consideration.  According  to  the  work 
of  Wright  (8)  and  others,  the  platelets  arise  as  buds  from  the  megacary- 
ocytes,  and  it  has  been  shown  that  solutions  of  platelets  contain  large 
amounts   of   prothrtHnbin.     We   are,   therefore,   at   once   confronted 
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with  the  question — Does  the  prothrombin  which  we  have  (oiuid  come 
from  the  mother  m^acaryocytes,  from  the  daughter  platelets,  or  from 
both? 

Our  firet  tnclinatbn  was  to  suspect  the  platelets,  which  we  believed 
had  probably  disint^rated  during  perfusion  and  had  yielded  their 
prothrombin  to  the  perfusion  liquids.  In  endeavoring  to  find  proof 
tor  this  idea  we  perfused  bones  with  sodium  oxalate  solutions  (made 
up  in  0.9  per  cent  NaCl),  varying  in  oxalate  strength  from  O.I  per 
cent  to  0.3  per  cent,  in  the  hope  of  fixing  the  platelets  and  so  prevent- 
ing their  disintegration.  If  such  a  manoeuver  were  successful,  one 
ought  to  find  no  prothrombin  in  the  oxalate  perfusion  liquids,  or  at 
least  only  traces,  and  at  the  same  time  plenty  of  fixed  plates.  As  a 
matter  of  fact  in  all  the  oxalate  perfusates  (except  the  0.1  per  cent 
perfusate  which  seemed  to  be  too  weak  to  fix  the  cells),  we  did  find 
practically  no  prothrombin.  But  at  the  same  time  the  most  careful 
search  revealed  no  fixed  plates,  although  the  usual  number  of  red  and 
of  white  cells  appeared  in  the  perfusion  specimens.  Centrifugalisa- 
tion  of  these  specimens  and  treatment  of  their  sediment  with  water 
(a  manoeuver  which  would  cause  fixed  platelets  to  disintegrate  and 
yield  prothrombin)  gave  negative  results  to  our  prothrombin  tests. 

These  findings  seem  to  point  to  one  of  two  conclusions:  either  (a) 
the  platelets  are  not  the  source  of  the  marrow  prothrombin,  or  (b) 
if  the  platelets  are  the  source  of  the  marrow  prothrombin  they  are 
fixed  in  situ  by  oxalate  solutions  and  are  not  washed  out  with  the 
other  marrow  cells  during  perfusion. 

Further  experience  with  oicalate  solutions  showed  that  if  these 
perfusions  are  continued  long  enough  prothrombin  will  eventually 
appear  m  the  specimens.  This  suggests  that  the  cells  of  origin  of 
prothrombin  are  at  first  fixed  in  situ  by  the  oxalate  but  that  under 
the  influence  of  prolonged  washing  they  will  eventually  go  to  pieces. 
Experiments  were  performed  in  which  bones  were  perfused  with  0.9 
per  cent  sodium  chloride  for  an  hour  or  more  and  then  the  perfusing 
fluid  was  suddenly  changed  to  an  oxalate  solution.  In  an  experiment  of 
this  sort  the  saline  perfusate  contained  the  usual  prothrombin.  This 
prothrombin  promptly  disappeared  when  perfusion  with  an  oxalate 
solution  was  begun.  The  reverse  type  of  experiment  was  performed 
m  which  the  bone  was  first  perfused  with  an  oxalate  solution  and  then 
with  physioli^cal  saline.  The  results  were  the  same.  The  oxalate 
specimens  contained  no  prothrombin  while  the  saline  specimens  coii- 
tained  gradually  increasing  amounts  as  the  salt  solution  slowly  washed 
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the  oxalate  out  of  the  cells  in  the  marrow  and  brought  about  their 
disiDt^ration.  The  figures  obtained  in  an  experiment  of  this  tjrpe 
may  be  seen  in  table  7  taken  from  Experiment  XXVI. 
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Smears  made  from  the  sediment  of  specimens  in  this  particular 
experiment  showed  but  one  megacaryocyte  in  the  first  oxalate  specimen 
but  several  intact  megacaryocytes  and  large  numbers  of  naked  nuclei 
of  megacaryocytes  in  the  saline  specimens.  This  suggested  that  pos- 
sibly the  prothrombin  found  in  our  perfusion  specimens  came  from  the 
disintegration  of  megacaryocytes  and  not  from  the  plates.  The  results 
of  the  oxalate  perfusions  fit  in  well  with  such  an  idea.  It  s^tems  highly 
improbable  that  small  elements  like  the  plates  if  present  in  large  num- 
bers should  not  be  washed  out  of  the  marrow  by  the  oxalate  solutions 
when  myelocytes,  leucocytes,  and  erythrocytes  come  out  readily 
under  such  circumstances.  The  megacaryocytes  on  the  other  hand 
are  large  branching  cells  with  processes  extending  into  the  marrow 
reticulum.  It  is  reasonable  to  suppose  that  such  celb  would  be  fixed 
in  place  by  an  oxalate  solution  and  could  be  broken  up  only  by  pro- 
longed washing  or  by  changing  the  perfusing  fluid  to  some  solution 
which  did  not  act  aa  a  fixative.  On  the  other  hand  initial  perfusion 
with  Ringer's  solution  or  with  0.9  per  cent  sodium  chloride  m^t  readily 
cause  disint^ration  of  celltUar  processes  extending  from  the  m^a- 
caryocytes  into  the  vascular  channels,  and  a  consequent  liberation 
of  prothrombin  into  the  perfusii^  liquid.  This  idea  is  advanced  merely 
as  a  suggestive  possibility. 
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(7)  Endothdial  eeUa.  The  possibility  that  the  marrow  prothiombiD 
might  aiise  from  wandering  endothelial  cells  was  also  considered. 
Id  investigating  this  possibility  we  stained  one  animal  intravitally 
with  trypan  blue.  One  tibia  of  this  animal  was  perfused  with  oxalate 
and  the  other  with  saline  solution.  The  usual  results  were  found  as 
far  as  prothrombin  was  concerned.  The  oxalate  specimens  contAined 
practically  no  prothrombin  white  the  saline  specimens  were  rich  in 
this  substance.  Smears  made  from  the  sediments  of  the  different 
specimens  showed  no  intravitally  stained  cells  in  either  the  oxalate 
or  the  saline  perfusates.  Smears  made  after  perfusion  from  the  mar- 
row tissue  of  both  tibias,  however,  showed  plenty  of  stained  endothelial 
cells.  From  these  observations  one  must  conclude  either  (a)  that 
wandering  endothelial  cells  are  not  the  source  of  the  marrow  prothrom- 
bin, or  that  (b)  if  they  are  a  source  of  prothrombin  they  are  neither 
disint^rated  nor  washed  out  of  the  marrow  during  perfusion  but 
yield  their  prothrombin  by  a  process  of  secretion.  The  former  con- 
clusion seems  the  more  probable. 

In  summing  up  briefly  the  situation  in  regard  to  the  cells  of  origin 
of  the  marrow  prothrombin,  we  may  say  that  there  is  no  evidence 
that  the  prothrombin  in  question  comes  either  fr<aa  leucocytes,  lym- 
phocytes, myelocytes,  nucleated  red  cells,  or  wandering  endothelial 
'  celb.  On  the  other  hand  the  blood  platelets  are  known  to  contain 
prothrombin,  and  the  origin  of  the  plates  from  the  m^acaryocytes 
of  the  marrow  is  well  established.  In  the  course  of  the  work  reported 
in  this  paper  the  authors  have  performed  experiments  in  which  bones 
perfused  with  0.9  per  cent  sodium  chloride  or  with  Ringer's  solution 
yielded  large  amounts  of  prothrombin  while  the  sediment  from  such  per- 
fusion liquids  contained  practically  no  m^acaryocytes.  On  the  other 
band  bones  perfused  with  sodium  oxalate  solutions  yielded  practically 
no  prothrombin,  but  the  perfusion  liquids  in  these  cases  showed  intact  ? 
megacaryocytes  and  lai^  ntmibers  of  naked  nuclei  of  m^acaryocytes. 
These  facts  all  point  to  the  megacaryocytes  as  a  probable  source  of 
the  marrow  prothrombin. 

CONCLOStONB 

(1)  Evidence  is  presented  that  fibrinogen  is  not  formed  in  the  bone 


(2)  Prothrombin  is  formed  in  large  amounts  in  the  bone  marrow. 

(3)  This  prothrombin  does  not  arise  either  from  leucocytes,  lympho- 
cytes, myelocytes,  nucleated  red  cells,  or  from  wandering  endothelial 
oelb. 
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(4)  The  megacaryocytee  are  the  probable  source  of  the  marrow 
prothrombin. 

This  work  was  undertaken  at  the  suKgestion  of  Dr.  W.  H.  Howell, 
and  we  are  greatly  indebted  to  him  for  his  constant  interest  and  advice. 
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In  3  previous  communication  from  this  laboratory  (1)  it  was 
shown  that  oil  of  chenopodium  or  ascaridol  when  injected  intra- 
venously into  different  animals  caused  dei>ression  of  the  circulation. 

In  continuation  of  these  studies  with  the  oil  and  its  active  princi- 
ple, experiments  were  carried  out  on  the  isolated  frog  heart,  special 
reference  being  had  to  antagonistic  action  for  which  purpose  Adrena- 
lin, Digitalis  and  Caffeine  were  employed.  These  drugs  were  per- 
fused either  in  combination  with  oil  of  chenopodium  or  after  the 
heart  had  been  exposed  lo  its  action  long  enough  to  produce  a  pro- 
nounced effect. 

The  method  is  shown  in  figure  1.  The  oil  of  chenopodium  or 
ascaridol,  was  shaken  up  with  Ringer's  solution  and  passed  through 
filter  paper,  but  later  in  the  course  of  the  investigation  it  was  found 
advisable  to  add  neutral  olive  oil  to  the  i>erfusing  fluid.  This  mix- 
ture was  agitated  for  some  time  so  as  to  make  a  fine  suspension  and 
was  filtered  before  using. 

When  the  fresh  heart,  soon  after  its  excision,  was  perfused  with 
oil  of  chenopodium,  or  ascaridol,  in  Ringer's  solution  no  change 
in  its  action  could  be  observed.  In  nearlj'  every  case  the  result 
of  the  first  test  proved  negative,  although  the  perfusion  time  as 
well  as  the  amount  of  chenopodium  added  to  the  solution  varied 
in  many  instances.  The  initial  trial  with  I  to  2  minims  of  ascari- 
dol or  oil  of  chenopodium  in  100  cc.  of  Ringer's  solution  perfused 
for  one-half  to  one  minute  failed  to  produce  any  change  in  cardiac 
activity.  In  some  experiments,  no  signs  of  decreased  action  of  the 
heart  could  be  observed  for  a  considerable  time  after  its  removal 
from  the  bo<iy,  a  number  of  perfusions  with  oil  of  chenopodium  be- 
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Fig.  1.  A  diagram  of  a  modified  form  of  frog  heart  perfusion  apparatus  de- 
scribed by  Simpson  (2)  is  shown  in  A.  The  double  brass  nannula  {a)  was  inserted 
into  the  sinus  and  the  glass  cannula  {c)  into  the  aorta  (heart  k).  Both  cannu- 
lae  are  firmly  fixed  in  a  piece  of  cork  (e)  over  which  the  moist  chamber  {mc)  fits. 
Before  the  moist  chamber  ia  put  in  place  a  thread  (0,  fastened  to  the  apex  of  tho 
ventricle  is  passed  through  the  opening  (a)  and  around  a  pulley  (p)  to  the  short 
arm  of  a  Harvard  heart  lever  {hi).  Perfusion  from  any  one  of  the  four  rescrvoirn 
(/,  I,  S,  i)  may  be  made  by  turning  the  milled  head  of  the  Macmillan  (3)  stop- 
cock (»)  to  the  corresponding  numl>er.  The  four  reservoirs  (/,  S,  S,  4)  which  au- 
tomatically keep  the  fluids  at  the  same  level,  together  with  the  supply  flasks 
(/'.  f ,  S',  i')  are  held  in  a  rack  which  may  be  vertically  adjusted  so  as  to  pro- 
vide any  desired  inflow  premture.  The  rale  of  inflow  may  be  regulated  by  stop- 
cock (m)  and  the  outflow  by  stopcock  (n).  A  Macmillan  (4)  drop  recorder  (dr) 
is  used  to  rcgislcr  the  outflow  in  drops.  When  it  is  desired  to  circulate  the  same 
small  quantity  of  fluid  continuously  for  some  time  stopcocks  (m)  and  (n)  are 
closed  and  clamps  {x)  and  (y)  are  removed.  The  U-tube  ([/)  allowed  to  (ill  to 
any  height  with  the  same  fluid,  shows  the  pressure  against  which  the  heart  is 
working. 

In  some  experiments  the  volume  method  was  used  as  shown  diagrammatically 
in  B.  In  this  case  the  double  brass  cannula  {a),  connected  to  the  perfusion  ap- 
paratus as  in  A,  was  inserted  directly  into  the  ventricle,  one  side  serving  as  in- 
flow and  the  other  as  outflow.  The  ventricle  is  immersed  in  the  Ringer's  fluid 
which  completely  fills  the  plethysmograph  {pi).  The  variation  in  level  of  the 
fluid  is  transmitted  by  the  float  (/),  to  the  recording  lever  (f). 
22 
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ing  carried  out  without  causing  any  disturbance  of  function.  As  a 
rule,  the  fourth  to  the  sixth  perfusion  caused  depression,  the  period 
of  exposure  in  each  case  being  not  longer  than  a  half  minute.  Ex- 
ceptionally, the  effect  may  become  manifest  with  the  second  per- 
fusion. In  one  case,  on  the  contrary,  a  very  slight  depression  only 
was  first  noticed  as  a  result  of  the  twelfth  trial.  It  may  be  pointed 
out  in  this  connection  that  when  the  heart  became  susceptible  to 


Fig.  2.  A,  Shows  action  of  oil  of  chcnopodium  on  the  fresh  heart.  B,  Un« 
hour  att«r  it  had  been  perfused  several  times  with  oil  of  chenopodium.  Heart  in 
dia*loU  (overdiatended  with  fluid  causing  shortening  of  vertical  diameter).  C, 
Shows  heart  action  twelve  minutes  after  B. 

oil  of  chenopodium  its  effect  generally  increased  with  each  succes- 
sive perfusion  until  cardiac  activity  was  temporarily  (see  fig.  2), 
and  sometimes  permanently  abolished.  The  result  seemed  to  be 
independent  of  the  amount  suspended  in  the  perfusion  fluid.  One 
minim,  and  in  some  instances  even  a  much  smaller  quantity,  added 
to  100  cc.  of  Ringer's  solution  produced  this  effect  (see  fig.  2). 
It  might  further  be  stated  that  the  action  seemed  to  be  independent 


r>' Google 


24  WILLIAU   8ALANT  AND  A.    E.   LITINQ8TON 

also  of  the  frequeocy  and  rate  of  perfusion,  as  the  same  was  noticed 
after  intervals  varying  between  3  and  12  minutes.  This  may  be 
explained  by  the  fact  that  oil  of  chenopodium  is  very  sparingly  mis- 
cible  in  water.  It  is  quite  possible  that  the  saturation  point  was 
reached  when  very  small  amounts  of  oil  of  chenopodium  were  em- 
ployed. 

In  order  to  make  comparable  tests  with  different  amounts,  a 
suspension  of  olive  oil  in  Ringer's  solution  was  resorted  to  as  a  suitable 
medium  for  dissolving  the  oil  of  chenopodium,  thus  enabling  us 
to  study  the  effect  of  concentration.  One  half  cc.  of  neutral  oUve 
oil  was  added  to  100  cc.  of  Ringer's  solution  and  thoroughly  shaken, 
then  filtered  and  the  desired  amount  of  oil  of  chenopodium  was 


Fig.  3.  Frog  100.  A,  General  improrement  of  heart  action  when  perfused 
with  Ringer  olive  oil  following  perfusion  with  Ringer's  solution.  B,  Effect  of 
Singer  olive  oil  twelve  nunutes  after  A. 

added  and  again  agitated.  Control  tests  made  to  ascertain  the 
action  of  olive  oil  showed  at  once  that  this  was  a  very  powerful 
stimulant  whose  action  was  particularly  striking  when  the  heart 
became  weak  as  a  result  of  prolonged  perfusion  with  Ringer's  solu- 
tion. In  some  experiments  the  amplitude  gradually  increased  until 
it  reached  three  times  its  initial  strength,  moderate  augmentation 
of  rate  being  observed  at  the  same  time  (fig.  3).  The  effect  could 
be  easily  demonstrated  by  perfusing  the  heart  alternately  with 
Ringer's  solution  alone  and  with  Ringer  olive  oil.  Stimulation 
set  in  soon  after  the  Ringer  olive  oil  reached  the  heart  and  ceased 
when  perfusion  with  Ringer's  solution  was  resumed.  The  action 
of  olive  oil  was  observed  about  half  a  minute  after  perfusion  was 
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b^uD  and  remained  uniform  after  reaching  a  maximura  as  long  as 
perfusion  with  it  was  continued.  It  may  be  recalled  that  similar 
effects  were  obtained  by  Clark  (5)  with  sodium  oleate  and  other  soaps 
of  the  higher  fatty  acids  in  the  hypodyriamic  heart  which  is  a  con- 


Fig.  4.  Frog  119.  A,  Fint  perfusion  showB  moderate  effect  of  oil  of  cbenopo- 
dium  on  the  fresh  heart.  Perfiuion  time,  one  minute.  B,  Seventh  perfuaion. 
The  same  amount  oil  of  cheoopodium  Beventy-five  miautei  later,  perfusion  time 
about  half.  Heart  in  diastole  (overdistended  with  fluid  causing  shortening  of 
TOFtical  diameter  and  apparent  systole). 

dition  of  diminished  activity  established  after  it  has  been  perfused 
for  some  time  with  Ringer's  solution.  When  3  minims  of  oil  of 
chenopodium  in  100  cc.  Ringer's  solution  containing  olive  oil  were 
perfused  for  I  minute  moderate  depression,  from  which  it  soon 
recovered,    was    observed.     Depression    was   sometimes    produced, 
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however,  with  one  minim  of  oil  of  chenopodium  to  100  cc.  of  R-f 
oUVe  oil.  The  action  was  more  marked  when  the  length  of  the  per- 
fusion time  was  increased.  Thua,  in  two  experiments  in  which  3 
minims  oil  of  chenopodium  per  100  cc.  were  perfused  2  to  2i  minutes, 
h,eart  action  became  very  feeble  in  one  case  and  almost  disappeared 
in  the  other  H  minutes  after  it  was  discontinued.  In  three  other 
experiments  in  which  perfusion  lasted  3),  4^  and  5  minutes,  arrest  of 
cardiac  action  was  observed  3  minutes  after  the  test  with  oil  of  cheno- 
podium was  begun.  The  effect  was  different  with  smaller  amounts. 
Thua,  whereas  slight  depression  was  produced  with  one  minim  to 
100  cc.  fluid  when  perfused  for  one  minute,  a  decrease  in  rate  vary- 
ing between  60  and  70  per  cent  and  a  slight  diminution  of  amplitude 
was  noticed  when  the  perfusion  time  was  increased  to  6  minutes. 

The  results  with  different  amounts  were  very  striking  with  the 
plethysmographic  method  of  perfusion.  One  minim  of  oil  of  cheno- 
jlodium  to  100  cc.  Ringer's  solution  and  olive  oil  caused  arrest  of 
t,he  heart  in  diastole  for  about  20  seconds;  Ij  minims  suspended  in 
the  same  amount  of  fluid  stopped  the  heart  for  more  than  2  minutes, 
the  length  of  perfusion  time  in  each  case  being  one  minute.  Although 
the  dose  and  perfusion  time  are  important  elements  in  determining 
ihe  action  of  oil  of  chenopodium  on  the  isolated  heart  other  factors, 
as  already  pointed  out,  must  be  taken  into  consideration. 

The  number  of  perfusions  seemed  to  play  an  important  rdle  also 
in  these  experiments  as  the  second  or  third  perfusion  with  oil  of 
chenopodium  sometimes  produced  a  much  greater  effect  than  the 
first.  Temporary  and  sometimes  permanent  cessation  of  cardiac 
^tivity  was  observed  after  the  seventh,  eighth,  or  even  after  the 
sixth  perfusion  (figs.  4  and  5),  30  to  75  minutes  after  tests  on  the 
jieart  were  begun.  It  is  worthy  of  notice  that  the  intervals  between 
the  tests  varied  between  5  and  47  minutes.  That  w^ould  indicate 
that  the  action  of  oil  of  chenopodium  is  cumulative.  Evidence 
obtained  in  a  number  of  experiments  suggests,  however,  that  the 
condition  of  the  heart  at  the  time  oil  of  chenopodium  is  applied 
may  be  a  strong  causative  factor  in  determining  the  action. 

Thus  the  maximum  effect  was  very  often  independent  of  the  num- 
•ber  and  even  of  the  frequency  of  perfusions  with  oil  of  chenopodium. 
In  olie  experiment  with  Xi  minims  to  100  cc.  fluid  the  heart  stopped 
after  the  third  perfusion  which  lasted  Ij  minutes,  the  intervals  being 
,7  and  4  minutes.  In  another  experiment  with  the  same  amount  the 
heart  stopped  after  it  was  perfused  for  30  seconds,  only  one  test 
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Fig.  5.  Frog  85.  Plcthyamographic  method.  Ventricle  only  perfused. 
A,  Effect  of  oil  of  chenopodium  on  treflh  heart.  B,  Third  pcrfuaion,  six  min- 
utes after  A.    C,  Sixth  perfusion,  twenty-three  minutes  after  B.    Heart  died. 
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with  oil  of  chenopodium  beii^  made  25  minutes  previously,  the 
perfusion  time  in  this  instance  being  also  1}  minutes.  In  a  third 
experiment  the  heart  stopped  with  the  first  trial,  the  perfusion  time 
being  again  30  seconds.  Only  one  minim  oil  of  chenopodium  was 
used.  It  may  be  observed  that  previous  to  perfusion  with  oil  of 
dienopoditmi  the  heart  had  been  perfused  with  olive  oil  in  Ringer's 
solution  for  15  minutes.  A  similar  observation  was  made  by  Clark 
(6)  in  experiments  with  strophanthin.  The  reaction  of  the  heart  of 
the  frog  held  in  captivity  showed  a  condition  similar  to  that  of  the 
bypodynamic  heart.  That  increased  sensitiveness  to  oil  of  cheno- 
podium may  be  compatible,  however,  with  vigorous  heart  action 
was  very  strikingly  illustrated  in  several  experiments.  In  one 
case  the  coutractions  were  uniform  and  vigorous  immediately  be- 
fore the  oil  of  chenopodium  treatment,  yet  it  proved  to  be  very 
toxic,  as  the  heart  stopped  almost  immediately  after  the  first  trial 
with  the  drug  which  was  tested  after  15  minutes  perfusion  with  olive 
oil.  These  variations  in  the  resistance  to  oil  of  chenopodium  were 
observed  when  the  heart  was  perfused  through  the  venous  sinus 
as  well  as  in  experiments  in  which  the  plethysmographic  method 
was  used. 

EXPBRIMKNT8  WITH  ADBKKALIN 

When  the  frog  heart  was  perfused  with  Singer's  solution  and 
olive  oil  containing  oil  of  chenopodium  and  adrenaUn,  cardiac  action 
in  most  experiments  either  remained  normal  or  was  distinctly  stimu- 
lated, a  marked  increase  in  force  of  about  60  per  cent  and  moderate 
augmentation  of  frequency  being  observed  as  a  result  of  the  treat- 
ment. The  effect  of  adrenalin  sometimes  persisted  several  minutes 
after  the  perfusion.  Occasionally,  however,  antagonistic  action 
was  absent,  which  may  be  accounted  for  by  the  rapid  oxidation  of 
adrenalin  in  oil  of  chenopodium,  frequently  observed  in  the  course 
of  our  experiments.  That  it  was  not  due  to  loss  of  potency  of  the 
preparation  was  shown  by  the  reaction  of  the  heart  to  adrenalin  in 
Ringer's  solution  and  olive  oil  without  oil  of  chenopodium,  as  .well 
as  by  blood  pressure  tests  on  rabbits.  It  might  also  be  added  that 
all  the  tests  with  oil  of  chenopodium  which  failed  to  respond  to 
adrenalin  ^ere  carried  out  in  the  early  stages  of  the  experiment. 
It  is  worthy  of  notice  that  the  fresh  heart  was  less  sensitive  to  adrena- 
lin as  well  ss  to  oil  of  chenopodium  than  a  heart  which  has  been 
perfused  for  some  time  with  Ringer's  solution. 
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A  series  of  experimenta  was  also  conducted,  in  which  adrenalin 
waa  tried  after  oil  of  chenopodium  in  Ringer  olive  oil  emulsion 
was  perfused  until  heart  action  stopped  or  exhibited  signs  of  con- 
siderable injury.  The  results  established  conclusively  the  antagou- 
istic  action  of  these  two  substances  as  shown  in  the  following  experi- 
ments.   Condensed  protocols  are  presented  below. 


Fig.  6.  Frt^  103.  A,  Action  of  oil  of  chenopodium.  B,  Shows  antagonistic 
action  of  oil  of  cheoopodium  and  adrenalin. 

Ftoq  lot.  One  minim  oil  of  chenopodium  suspended  in  100  cc.  Ringer's  solu- 
tion and  olive  oil  perfused  for  a  half  minute  produced  a  moderate  decrease  of 
amplitude  with  some  diminution  of  frequency  from  which  it  promptly  recovered  ' 
after  the  application  was  discontinued.  Practically  the  same  efTect  was  observed 
12  minutes  later  when  such  a  eolutioa  containing  1: 100,000  adrenalin  was  per- 
fused for  an  equal  period  of  time.  Adrenalin  alone,  however,  produced  the 
usual  effect  on  the  heart  hs  whs  shown  by  a  previous  perfusion.  Another  perfusion 
with  the  same  amount  of  oil  of  chenopodium  for  25  seconds  made  four  minutes 
later  rapidly  produced  marked  cardiac  depression  fallowed  by  pronounced  irreg- 
nlarity  of  action.  No  improvement  having  occurred  in  3}  minutes,  perfusion 
with  1:  100,000  adrenalin  in  Ringer's  solution  and  olive  oil  for  one  minute  was 
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resorted  to.  Within  20  seconds  heart  actioa  became  vigoroua  and  regular,  cod- 
tinuing  in  this  condition  for  about  10  minut«s. 

Frog  169,  The  heart  has  been  arrested  in  diastole,  when  perfused  for  one 
minute  with  3  minims  oil  of  chenopodium.  A  return  of  activity  occurred  almost 
immediately  aft«r  the  test  with  adrenalin  was  begun,  the  heart  havingbeen  in 
a  condition  of  paralysis  1)  minutes.  The  contractions  were  at  first  feeble  but 
they  gradually  increased. 

Frog  170.  Perfusion  with  3  minims  oil  of  chenopodium  to  100  cc.  Ringer's  so- 
lution. Depression  set  in  within  two  minutes,  continued  3  minutes  until  the 
heart  stopped.  Perfusion  with  1;  100,000  adrenalin  made  two  minutes  later  had 
no  effect.  The  experiment  was  repeated  with  a  very  strong  solution  of  adrena- 
lin 26  minutes  after  oil  of  chenopodium.  Well  marked  and  regular  contractions 
appeared  almost  immediately  and  lasted  iO  minutes.  The  heart  continued  to 
beat  15  minutes  longer  and  died.  The  reviving  action  of  adrenalin  was  also  ob- 
served in  another  experiment. 


Fig.  7.  Frog  160.  Shows  reviving  action  of  adrenalin  on  heart  arrested  in 
diastole  by  oil  of  chenopodium.  \ 

,  Frog  17t.  fn  this  case  the  heart  was  perfused  with  the  same  concentration 
at  oil  of  chenopodium  for  3]  minutes.  Cardiac  action  ceased  in  2J  minutes.  A 
solution  of  1:  100,000  adrenalin  was  perfused  immediately  after  oil  of  chenopo- 
dium. Feeble  contractions  appeared  within  half  a  minute.  Such  prompt  ac- 
tion was,  however,  not  always  obtained.  That  a  longer  interval  may  elapse  be- 
tween the  application  of  adrenalin  and  return  of  cardiac  activity  is  shown  in  the 
following  experiment. 

Frog  171.  Heart  perfused  with  3  minims  oil  of  chenopodium  to  100  cc.  fluid 
was  arrested  In  diastole  after  2\  minutes  exposure  to  its  action.  Perfused  4| 
minutes.  One  and  one-half  minutes  later  perfusion  with  1 ;  25,000  adrenalin  was 
begun  and  was  i:')ntinued  14  minutes  Feeble  contractions  of  the  heart  appeared 
within  3  minutes  and  steadily  increased  in  force  for  11  minutes  until  heart  actioa 
was  almost  normal  and  remained  in  this  condition.  Several  minutes  after  adre- 
nalin was  disconlinucd,  heart  action  ceased  but  contractions  reappeared  when 
it  was  perfused  again  with  adrenalin. 
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EXFERIHENTS   WITH    DIGITALIS 

The  official  tinctureB  were  used  in  these  experiments, 
tions  of  0.1  to  1  per  cent  being  employed.    The  antagonistic  action 
to  oil  of  chenopodium  wae  also  observed  with  digitalis  but  the  corn- 


Fig,  8.  A,  The  effect  of  oil  of  chenopodium.  B,  Anisgonistic  effect  of  dig- 
italis and  oil  of  chenopodium.  C,  Seventeen  minutea  after  B.  Previous  treat- 
ment with  digitalis  decreases  the  action  of  oil  of  chenopodium. 

bined  effect  of  the  two  drugs  varied.  Stimulation  was  observed  in 
some  cases,  the  effect  in  others  being  just  sufficient  to  neutralise 
the  action  of  oil  of  chenopo<lium,  while  in  some  experiments  cardiac 
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depreasioD,  though  slight,  could  be  observed;  io  such  cases  a  stimu- 
lating after  eEFect  lasting  5  to  7)  minutes  occurred.  It  is  worthy 
of  notice  that  the  effect  of  oil  of  chenopodium  was  less  marked  when 
preceded  by  treatment  with  digitalis.  Thus  in  one  experiment 
decreased  action  of  oil  of  chenopodium  was  observed  17  minutes  after 
it  was  perfused  with  digitalis,  which  may  be  explained  by  recent  studies 
on  the  cumulative  action  of  the  digitalis  bodies.  Hatcher  (7)  has 
shown  that  the  action  of  members  of  this  group  may  persist  for  a 
considerable  time,  in  some  cases  as  long  as  30  days.  Corroborative 
evidence  was  furnished  later  by  the  experiments  of  lasekutz  (8)  in 
which  the  results  indicated  that  the  details  bodies  form  a  combina- 
tion with  the  substance  of  the  heart  which  breaks  up  with  difficulty. 
The  antagonistic  effect  of  digitalis  was  especially  well  shown  in  the 
following  experiments:  Two  minims  of  oil  of  chenopodium  in  100  cc. 
Ringer's  solution  containing  olive  oil  were  perfused  for  1  to  1}  minutes. 
Marked  cardiac  depression  was  produced  and  was  increased  when  the 
test  was  repeated  9  minutes  later.  The  same  amount  of  chenopodium 
in  suspension  in  the  presence  of  tincture  of  digitalis  produced  a  slight 
primary  depression  followed  by  pronounced  stimulation  lasting  in 
one  test  5  minutes.  That  digitalis  not  only  neutraUzes  the  effect  of 
oil  of  chenopodium  but  may  cause  stimulation  was  repeatedly  shown 
in  tests  made  on  the  same  heart. 

The  antagonistic  action  of  details  could  be  demonstrated  much 
better  when  higher  concentrations  ofit  were  used,  thoi^  the  funount 
ol  oil  of  chenopodium  was  increased.  Thus  in  one  experiment  the 
heart  was  perfused  4)  minutes  with  Ringer's  solution  containing  1  per 
cent,  tincture  of  digitalis  and  3  minims  oil  of  chenopodium  per  100 
oc.  No  change  could  be  observed  for  4  minutes.  A  slight  decrease 
in  amplitude  without  noticeable  alteration  in  rhythm  now  appeared. 
Within  15  to  20  seconds,  however,  marked  slowing  of  rhythm  amounting 
to  50  per  cent.,  and  increase  in  amplitude  occurred  which,  in  several 
minutes,  was  20  per  cent  greater  than  before  oil  of  chenopodium  was 
administered.  Perfusion  with  the  same  amount  of  oil  of  chenopodium 
for  3f  minutes  carried  out  24  minutes  previously  produced  entirely 
different  efiFects.  After  3}  minutes  perfusion,  the  heart  became  mark- 
edly dilated,  the  contractions  rapidly  grew  feeble  until  they  almost 
disappeared.  This  condition  lasted  3  minutes  when  the  heart  began 
to  recover  slowly,  reaching  a  maximum  in  6  minutes.  Although  the 
amplitude  was  now  about  the  same  as  before  administration  of  oil 
of  chenopodium  the  rate  was  35  per  cent  less.    In  another  experiment 
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a  concentratioD  of  1 :  250  tincture  digitalis  was  used  for  reviving  the 
heart  arrested  in  diastole  by  oil  of  chenopodium.  Half  a  minute  after 
perfusion  with  d^talis  was  commenced,  contractions  appeared.  They 
were  weak  at  first  but  rapidly  increased  in  force  though  appreciably 
smaller  than  before  oil  of  chenopodium  was  administered.  The  rate, 
however,  was  not  changed. 

The  presence  of  alcohol  in  the  tincture  of  digitalis  may  also  be  taken 
ijQto  consideration.  A  number  of  tests  were  carried  out,  therefore, 
with  alcohol  and  oil  of  chenopodium  in  Ringer's  solution  and  ohve  oil. 
One-eighth  40  one  per  cent  of  alcohol  perfused  one  to  two  minutes 
failed  to  produce  any  change  in  heart  action.  Oil  of  chenopodium, 
one  minim  per  100  cc.  was  likewise  ineffective.  The  combined  action, 
however,  of  one  minim  oil  of  chenopodium  and  one  per  cent  alcohol 
produced  moderate  depression.  The-  depression  which  digitalis  had 
to  overcome  is  probably  greater,  therefore,  than  that  produced  by  oil 
of  chenopodium  alone. 

EIXPEHtMENTS  WFTH   CAFPEIN 

Although  caffein,  when  perfused  in  combination  with  oil  of  chenopo- 
dium, produced  moderate  stimulation  in  the  fresh  heart,  this  was  not 
the  case  when  the  same  test  was  performed  later  in  the  experiment. 
No  antagonistic  action  could  then  be  observed.  The  effect  indicated 
that  caffein  failed  to  stimulate  the  heart  since  depression  occurred 
as  in  tests  with  oil  of  chenopodium  alone.  The  results  in  some  experi- 
ments suggested,  on  the  contrary,  that  it  aided  the  action  of  the  oil 
of  chenopodium.  This  was  especially  the  case  in  experiments  in  which 
0.01  per  cent  cafTein  was  perfused  with  oil  of  chenopodium.  In  one 
experiment  only  moderate  decrease  of  heart  action  was  caused  by  cheno- 
podium alone,  but  when  perfused  with  a  solution  containing  caffein 
the  'heart  stopped  in  diastole  for  nearly  one  minute  (fig.  9).  Similar 
results  were  obtained  in  another  case.  Experiments  with  Ringer's 
solution  with  the  same  amoimt  of  oil  of  chenopodium  in  suspension 
and  1:500  caffein  showed  but  httle  difference  from  those  already  de- 
scribed, although  in  one  case  in  which  oil  of  chenopodium  was  followed 
by  1:500  caffein,  slight  increase  in  heart  activity  was  observed,  ampli- 
tude alone  being  affected.  That  caffein  may  also  cause  depression 
was  shown  in  another  experiment  in  which  the  heart  had  been  previously 
perfused  with  oil  of  chenopodium  (fig.  10).  •  It  may  be  recalled  that  a 
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similar  observation  was  reported  hy  Salant  and  Mitchell  (9)  on  the  iso- 
lated intestine,  caffein  likewise  causing  depression  of  smooth  muscle 
previously  subjected  to  the  action  of  oil  of  chenopodium. 


Mg.  S.  A,  Depression  produced  by  oil  of  chenopodium.  B,  Combined  effect 
of  oil  of  chenopodium  and  1/1,000  caffeine.  C,  The  action  of  oil  of  chenopodium 
whcD  perfused  fivo  minutes  later. 
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Fig.  10.  Frog  94.  Cardiftc  depression  produced  by  caSeine  after  the  beai^ 
had  been  perfused  with  oil  of  cbenopodium. 

DISCUSSION 

Although  small  amounts  of  oil  of  cheDopodium  either  failed  to  cause 
disturbance  of  cardiac  action  in  the  fresh  heart  or  the  effect  produced 
waa  very  moderate,  the  result  obtained  indicated  that  it  wasa  depressant 
and  varied  directly  with  the  perfusion  time  and  the  amount  present 
in  solution.  The  increased  cardiac  depression  observed  in  successive 
perfusions  suggested  cumulation  at  first  but  later  this  was  considered 
doubtful.  It  was  found  that  in  some  experiments  the  effect  was  in- 
dependent of  the  number  of  tests  with  oil  of  chenopodium.  A  heart 
which  had  been  perfused  for  some  time  reacted  to  oil  of  chenopodium 
as  well  as  one  which  had  been  subjected  to  its  action  a  number  of  times, 
thus  indicating  that  the  heart  is  rendered  more  sensitive  to  oil  of  cheno- 
podium the  longer  perfusion  with  Ringer's  solution  or  Riuger  olive 
oil  is  continued.  The  cause  of  this  condition  has  not  been  determined, 
but  experimental  evidence  brought  forward  by  several  writers  shows 
that  it  might  be  due  to  loss  of  substances  essential  to  the  normal  ac- 
tion of  the  heart.  According  to  Schiicking  (10)  cardiac  action  can 
only  be  maintained  as  long  as  traces  of  blood  remain  on  the  surface  of 
the  cells,  and  when  this  is  washed  out  the  heart  can  no  longer  con- 
tinue to  function.  Herlitzka  (l\)  found  organic  acids  in  Ringer's 
solution  perfused  through  the  rabbit's  heart.  Clark  (12)  claimed 
that  there  was  a  loss  of  lipoids  from  the  frog  heart  when  perfused  with 
Ringer's  solution.  He  separated  the  product  from  the  perfused  fluid 
and  found  that  it  exerted  a  marked  beneficial  action  upon  the  hypody- 
namic  heart  similar  to  that  previously  obtained  by  Danilewsky  (13) 
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with  lecithin.  JQres  (14)  has  shown  that  thujone  and  fenchon  dissolve 
Lecithin.  That  it  is  also  dissolved  in  oil  of  chenopodium  was  found  in 
this  laboratory.  The  lecithin  and  other  lipoids  of  the  heart  might, 
therefore,  be  attacked  by  oil  of  chenopodium,  thus  producing  the  efifect 
observed.  The  resistance  of  the  fresh  heart  may  also  be  thus  explained. 
An  abundant  supply  of  lipoids  in  the  intact  animal  may  be  assumed, 
the  fresh  heart  containing  &  sufficient  amount  of  them  to  stand  the 
loss  caused  by  the  action  of  oil  of  chenopodium.  As  the  store  of  hpoids 
ia  depleted  by  repeated  perfusion,  the  action  of  oil  of  chenopodium 
would  become  more  marked. 

The  increased  effect  of  repeated  perfusion  and  the  difference  in  the 
behavior  of  the  fresh  heart  and  the  heart  after  it  has  been  perfused 
for  some  time  may  be  due,  therefore,  to  diminished  amounts  of  hpoids 
present.  The  hypersenBitiveness  observed  in  some  specimens  may  be 
similarly  aftnouot^^  for 

The  mode  of  action  of  olive  oil  cannot  be  stated  definitely.  Inhibi- 
tion of  loss  of  lipoids  by  the  oil  or  their  accumulation  at  its  surface 
causing  cardiac  stimulation  as  suggested  by  Clark  (15)  in  the  case  of 
fatty  acid  is  to  be  thought  of  as  a  possibility.  But  in  view  of  the  solu- 
bility of  lipoids  in  oUve  oil,  this  explanation  is  not  satisfactory.  There 
would  be  no  reason  to  expect  the  result  to  be  different  from  that  ob- 
tained with  oil  of  chenopodium  which  is  likewise  soluble  in  lipoids. 
Its  stimulating  action  on  the  heart  probably  depends' upon  other  factors 
as  yet  unknown.  The  utihzation  of  olive  oil  and  the  free  fatty  acids 
by  the  heart  (thus  replacing  the  lecithin  which  has  been  lost)  is  to 
be  thought  of  in  this  connection.  The  formation  of  a  protective 
envelope  of  colloidal  particles  around  the  cell,  preventing  the  escape 
of  lecithin,  also  suggests  itself.  The  condition  at  the  surface  of  the 
cell  might  become  similar  to  that  in  vitro  when  lecithin,  oils  and  soap 
are  present.  The  stable  emulsion  formed  would  thus  serve  as  a  means 
of  checking  the  loss  of  lipoids.  The  work  of  Lillie  (16)  is  very  sugges- 
tive in  this  connection.  He  has  shown  that  the  fatty  acids  penetrate 
the  unfertilized  e^  of  Arbacia  and  stimulate  membrane  formation 
and  cleavage.  As  the  same,  in  all  probability,  holds  for  the  soaps, 
the  cardiac  stimulation  observed  with  Ringer  olive  oil  may  be  readily 
explained.  The  ease  is  probably  different  with  oil  of  chenopodium 
which  resembles  anesthetics  in  several  respects.  Thus,  as  already 
stated,  we  found  that  it  aids  the  action  of  alcohol.  Adrenalin  restores 
cardiac  action  in  paralysis  caused  by  chloroform,  chloral  and  oil  of 
chenopodium.     Lillie  (17)  observed  that  the  action  of  neutral  salts  on 
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the  eggs  of  Aibacia  is  inhibited  by  anesthetics  which  he  believes 
caused  decreased  permeability  of  the  cell.  Perhaps  the  action  of  oU  of 
chenopodium  is  due  to  a  similar  mechanism.  The  antagonism  of  oil 
of  chenopodium  and  ohve  oil  may  be  thus  explained,  althoi^h  both 
are  Upoid  soluble  substances.  The  action  of  adrenalin  and  digitalis 
to  oil  of  chenopodium  may  also  be  correlated  in  some  way  with  the 
action  of  the  cell  lipoids.  That  they  may  form  some  combination 
with  lecithin  appears  from  the  work  of  Koch  (18).  According  to 
SchUomenfiun  (19)  digitalis  combines  with  alcoholic  phosphatids  which 
he  isolated  from  the  human  heart  and  from  that  of  the  dog.  The 
antai^nistic  action  of  adrenalm  and  digitalis  to  oil  of  chenopodium  is 
also  of  interest  in  showing  that  the  heart  when  thus  poisoned  may  be 
improved  by  substances  differing  in  their  mode  of  action,  which  in- 
dicates that  the  injurious  effect  probably  involves  the  intercardiac 
nervous  mechanism  as  well  as  the  muscular  substance.  This  is  in 
harmony  with  our  previous  observations  on  the  action  of  oil  of 
chenopodiimi. 

The  action  of  caffein  when  perfused  in  combination  with  or  after 
oil  of  chenopodium  furnishes  additional  evidence  that  the  action  of  the 
drug  may  be  reversed  under  changed  conditions,  which  was  pointed 
out  in  a  previous  communication  by  the  writer  (20). 

An  explanation  of  the  depressing  effect  of  caEFein  observed  by  us 
is  suggested  by  the  recent  work  of  Secher  (21).  He  found  that  caflein 
hastens  muscle  fatigue  and  may  cause  histological  changes  in  the 
finer  structure  of  volimtary  muscle  fiber  even  when  a  dilute  solution 
is  used.  He  also  observed  that  this  effect  is  not  peculiar  to  caffein 
as  chloroform  may  produce  the  same  structural  alterations  in  muscle 
fiber.  In  view  of  the  similarity  of  action  between  oil  of  chenopodium 
and  anesthetics  these  observations  are '  very  significant.  Perfusion 
with  caffein  would  be  more  effective  in  producing  the  structural  changes 
and  the  increased  cardiac  depression  caused  by  oil  of  chenopodium. 
Again,  since  the  injury  caused  by  oil  of  chenopodium  may  persist, 
subsequent  perfusion  with  caffein  would  simply  further  increase  the 
damage  already  produced.  This  would  also  explain  the  depression 
observed  after  caffein  when  the  heart  had  been  previously  subjected 
to  the  action  of  oil  of  chenopodium.  The  synergistic  or  additive  effect 
of  caffein  and  of  oil  of  chenopodium  on  the  heart  which  we  also  observed 
in  experiments  on  the  isolated  intestine  make  it  highly  probable  that 
oil  of  chenopodium  attacks  the  muscle  fiber.  This  supposition  is 
strengthened  by  the  antagonistic  effect  of  digitalis  and  oil  of  cheno- 
podium. 
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1.  Oil  of  chenopodium  produces  marked  depression  of  the  isolated 
tiog  heart,  the  effect  increaaii^  with  the  conceDtratioD  and  succesaiTe 
perfusioiis.  The  fresh  heart  is  less  sen»tive  to  oil  of  chenopodium 
than  one  which  has  been  perfused  for  some  time. 

2.  OUve  oil  added  to  Ringer's  solution  causes  cardiac  stimulation 
which  may  become  more  marked  later  in  the  experiment. 

3.  Oil  of  chenopodium  is  less  active  in  the  presence  of  olive  oil. 

4.  Adrenalin  and  digitalis  were  found  to  be  antagonistic  to  oU  oE 
chenopodium. 

5.  Caffein  produced  slight  stimulation  when  perfused  with  oU  of 
chenopodium  but  in  some  experiments  it  aided  cardiac  depression. 

6.  The  action  of  oil  of  chenopodium  may  be  due  to  disturbance  of 
the  lipoids  of  the  heart.  It  is  suggested  that  the  antagonistic  action 
of  olive  oil,  digitalis  and  adrenalin  may  also  be  correlated  with  dis- 
tiirbance  of  lipoid  metabolism  in  the  heart. 

7.  Oil  of  chenopodium  probably  affects  the  muscular  substance  in 
the  frog  heart. 
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In  the  extensive  literature  of  electrophysiology  much  has  been  re- 
ported concerning  observed  alterations  of  electrical  potential  in  nerves 
and  muscles  under  various  circumstances,  but  relatively  little  attention 
has  been  given  to  the  electromotive  phenomena  of  glands.  The  studies 
of  du  Bois-Rejrmond,  Rosenthal,  Hermann,  Luchsinger,  Engelmann,  and 
Biedermano  on  the  cutaneous  and  other  surface  glands  in  the  frog  and 
fish  and  in  the  cat,  dog,  pig  and  goat  indicated,  more  than  thirty  years 
ago,  the  possibilities  of  interesting  research  in  this  field.  To  some  ex- 
tent tb^e  possibilities  have  been  reahzed  in  atudiee  of  the  psychogal- 
vanic reflex.  The  use  of  electrical  methods  for  examining  the  glands  of 
the  interior  of  the  body,  however,  has  been  almost  wholly  neglected.  In 
18S5,  Bayliss  and  Bradford  (1)  reported  the  results  of  an  invest^ation 
of  the  electrical  changes  attending  secretion  by  the  salivary  glands  in 
the  dog  and  cat,  and  a  few  years  later  Bradford  (2)  contributed  further 
information  on  the  same  subject.  In  1894,  Bohlan  (3)  published  a  paper 
on  the  electrical  effects  produced  by  the  gastric  mucosa  when  stimulated 
through  the  vagus  nerves.  Any  other  papers  dealing  with  electromo- 
tive phenomena  of  the  glands  that  lie  distant  from  the  body  suriace, 
we  have  been  unable  to  find. 

An  interest  in  the  activities  of  the  ductless  glands,  especially  those 
without  a  secretion  recognizable  by  present  methods,  led  us  to  consider 
the  possibiUty  of  applying  to  them  the  extremely  delicate  means  now 
available  for  detecting  sl^ht  electrical  differences,  with  the  hope  that 
thereby  further  knowledge  of  their  functions  might  be  secured. 

'  The  main  resulta  of  this  &nd  the  two  following  papers  were  presented  befon 
the  American  Physiological  Society,  December  29,  1915.  See  Proceedinxs,  this 
journal,  1910,  xl,  p.  143. 
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Obviously  an  electrical  change  cannot  yield  information  as  to  the 
nature  of  the  materials  elaborated  in  the  several  structiues,  it  cannot 
determine  the  course  which  the  producte  of  secretion  actually  take  in 
passing  away  from  their  region  of  origin,  indeed  it  might  leave  some- 
what uncertain  whether  secretion  or  preparation  for  secretion  were 
the  process  occurring  in  a  gland  at  any  given  period  of  disturbed  poten- 
tial. Nevertheless  the  method,  by  revealing  the  difference  between 
relative  quiet  and  activity,  would  indicate  conditions  which  affect  the 
functioning  lOf  glands  and  thus  might  suggest  more  definitive  studies; 
it  would  show  the  quickness,  the  extent,  and  roughly  the  degree,  of  the 
response;  and  it  might  disclose  significant  new  facts  regarding  relations 
which  exist  among  the  glands  and  which  are  mediated  by  the  circula- 
tion. Despite  its  meager  character  such  knowledge  seemed  worth 
seeking. 

At  the  beginning  of  such  a  study  of  ductless  glands  there  is  obvious 
advantage  in  learning  the  capacities  and  limitations  of  the  method  as 
demonstrated  in  a  gland  which  pours  forth  an  easily  recognizable  secre- 
tion. For  the  purpose  of  preliminary  tests  we  selected  the  submaxil- 
lary. And  since  we  were,  in  the  main,  using  cats  in  these  researches 
we  had  the  fortune  of  working  on  an  animal  in  which  both  nerve  sup- 
plies, the  chorda  and  the  sympathetic,  evoke  a  considerable  discharge 
of  fluid.  By  use  of  the  cat,  therefore,  it  was  possible  to  obtain  insight 
into  the  electrical  concomitants  of  a  secretory  activity  which  could  be 
readily  aroused  from  two  different  directions. 

THE  METHOD 

The  galvanometer  used  in  these  studies  was  of  the  d'Arsonval  type,* 
Its  sensitiveness  is  indicated  by  a  deflection  of  1  mm.  on  a  scale  1  meter 
from  the  mirror  when  one  volt  is  sent  through  600  megohms.  This 
sensitiveness,  under  the  conditions  of  our  observations,  was  sufficient 
for  registering  definite  movements  when  physiological  activity  was  in- 
duced in  the  glands,  and  yet  was  not  so  great  as  to  make  the  instrument 
subject  to  minca-  adventitious  alterations  of  potential. 

The  method  of  recording  the  galvanometer's  deflection  is  shown  by 
diagram  in  figure  1.  On  a  firm  wall-bracket,  T,  directly  above  the 
the  scale,  S,  of  the  galvanometer,  was  placed  a  box  painted  black,  in- 
side and  outside,  and  provided  with  a  hinged  cover,  which  when  shut 

*  The  infltnuneiit  is  that  made  by  the  Leeds  and  Northrup  Company,  Phila- 
delphia, and  listed  as  number  2220  in  their  catalogue. 
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admitted  light  only  through  a  horizontal  silt,  0,  about  1  mm.  wide. 
This  slit  was  11.5  cm.  above  the  top  of  the  scale.  Inside  the  box  was 
the  dinim  of  a  horizontal  kymograph;  and  since  the  mechanism  of  the 
kymt^raph  was  outside  the  box  the  rate  of  revolution  of  the  drum  could 
be  readily  adjusted.  When  a  record  was  to  be  made  a  sheet  of  sensi- 
tized paper  was  wrapped  tightly  around  the  drum  and  fastened  with 
gummed  paper,  the  drum  was  then  set  on  the  spindle  of  the  kymograph 
and  lowered  into  the  box,  and  the  box  closed.  All  this  process  was 
carried  on  while  the  room  was  illuminated  solely  with  ruby  light.  The 
Ught  reflected  from  the  mirror,  M,  to  the  slit  in  the  box  had  its  source  in 
E,  an  electric  bulb  (6  volts,  21  candlepower)  the  filament  of  which  was 
held  vertical  and  permitted  to  send  its  rays  out  to  the  middle  of  the 
mirror  through  a  narrow  vertical  opening.  The  rays  reflected  from  the 
mirror  were  f  ocussed  on  the  sensitized  paper'  by  means  of  a  thin  lens,  L, 
placed  near  the  galvanom- 
eter. The  distance  from 
the  mirror  to  the  paper 
was  45  cm.  Obviously 
any  motion  of  the  mirror 
around  the  vertical  axis 
of  its  support  would  result 
in  a  shift  of  the  reflected 

beam  of  light  along  the        pj^  ^    ^j^^  ^  arrwigement  for  obJv- 
honzontal  sht,  0.  ing  imd  recording  galvanometer  deflections.    For 

As  indicated   in  figure     explanation,  see  text. 
I,  the  arrangement  allows 

the  observer  to  watch  the  movement  of  the  mirror  through  the  tele- 
scope of  the  galvanometer  at  the  same  time  that  a  record  is  being  made. 

A  combined  base  hne  and  time  record  was  provided  by  a  narrow 
beam  of  light  directed  on  the  sht,  0,  from  another  electric  bulb.  The 
electrical  connections  of  this  bulb  are  shown  in  diagram  in  figure  2. 
The  current  (at  8  volts)  passing  continuously  through  the  filament  of 
this  bulb,  B,  was  just  sufficient  to  cause  a  sUght  glow  which  only  dimly 
affected  the  sensitized  paper.  By  means  of  another  connection  the 
dull  glow  of  the  filament  was  increased  by  an  additional  voltage, 
whenever  a  current  was  completed  through  the  primary  circuit  of  an 
inductorium  /,  by  closure  of  the  key,  M.  Thus  the  period  of  stimula- 
tion was  registered  on  the  revolving  surface  by  a  darkening  of  the  dim 

■  The  paper  used  was  "standard"  pennanent  bromide  paper,  quality  B,  made 
by  tbe  Eastman  Kodak  Compaoy,  Rochester,  New  York. 
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base  line.  A  clock,  making  an  electric  contact  every  30  seconds,  mo- 
mentarily magnetized  the  iron  core,  C,  and  thereby  drew  the  spring,  S, 
away  from  contact  1,  and  against  contact  2  (these  contacts  were  plsti- 
niim).  The  stronger  current  thus  sent  for  an  instant  through  the  fila- 
ment produced  a  sharp  flash  which  was  registered  as  a  black  point  on 
the  base  line.  This  registering  of  the  half-minute  intervals  interfered 
only  for  a  fraction  of  a  second  with  any  stimulation  that  m^ht  be  in 


^5 


The  non-polarizable  electrodes  used  in  contact  with  the  tissues  were 
similar  to  those  described  by  Mines  (4).  Glass  tubing,  8  cm.  long  and 
5  mm.  in  internal  diameter,  was  drawn  to  a  point  about  2  mm.  in  di- 
ameter. Into  this  pointed  end  was  inserted  a  short  length  of  soft  cot- 
ton twine,  which  later  afforded  a  gentle  contact  with  the  living  tissue. 
The  glass  wiis  then  placed,  point  downward,  in  warm  Ringer's  solution 
containing  10  per  cent  gelatin.  The  fluid  was  deep  enough  to  half  (ill 
the  tubes.  Six  or  eight  such  elec- 
trodes were  thus  prepared  at  one 
time.  Usually  this  preparation  was 
made  in  the  afternoon  for  the  next 
day.  After  standing  over  night  in 
a  Cold  room,  the  gelatin  was  so  firm 
Fig.  2.  Diagram  of  electrical  connec-  [q  the  tubes  that  it  supported  in  a 
tioM  for  recording  time  intervals  and  thoroughly  satisfactorv  manner  the 
duration  of  stimulation.    Forenjlana-      .  ,   ,  ,'-       ■ 

tion  see  text.  ^'"*^  sulphate  poured   m  above  it. 

When  short  zinc  rods,  soldered  to 
copper  wires'  leading  to  the  galvanometer,  were  placed  in  the  zinc  sul- 
phate the  electrodes  were  ready  for  use.  These  electrodes  have  each  a 
resistance  of  approximately  1500  ohms.  In  the  mass  of  gelatin  in  which 
they  are  set  they  can  be  kept  for  several  days  without  deterioration,  and 
removed  as  they  are  needed. 

Bayliss  and  Bradford,  in  their  experiments  on  the  submaxillary  gland, 
set  one  leading-off  electrode  on  the  hilus  of  the  gland  and  the  other  on 
the  opposite  surface.  Apparently  the  object  of  this  arrangement  was 
to  determine  the  difFerencc  of  potential  at  the  cell  membranes  lying 
between  the  duct  and  the  lymph  spaces.  In  our  experience  constant 
results  have  been  obtained,  however,  with  the  gelatin  electrodes  situ- 

'  In  developing  the  sensitive  paper  some  sheets  were  darker  than  others.  For 
uniform  appearance  the  original  photographs  have  been  carefully  copied  in  line 
drawings. 

*  The  junction  of  the  line  and  copper  was  covered  with  flexible  wan. 
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ated  one  upon  the  gland  being  investigated,  the  other  upon  neighbor- 
ing subcutaneous  fascia*  at  a  point  near  enoi^h  to  other  structures  to 
be  moistened  with  lymph.  Secretion  is  then,  except  under  conditions 
to  be  described  later,  accompanied  by  a  negative  relation  of  the  gland 
to  the  indifferent  suiface,  when  these  regions  are  connected  through  ex- 
ternal conductors.  Naturally  the  action  current  is  occasioned  only  by 
such  part  of  a  circuit  as  is  in  fact  active.  And  since  stimulation  of  the 
chorda  tympani,  for  example,  makes  active  only  the  gland  and  not  the 
surrounding  structures,  the  current  lines  should  be  considered  only 
with  reference  to  the  gland.  The  current  lines  would  obviously  be  con- 
dmsed  under  the  electrode  on  the  gland  surface,  but  through  the  ex- 
tensive area  of  contact  between  the  gland  and  the  tissues  beneath  it 
(which  may  be  regarded  as  the  other  electrode)  they  would  pass  dif- 
fusely. In  a  complex  gland  like  the  submaxillary  the  highly  confused 
relations  of  the  cell  membranes  at  which  electrical  differences  would 
develop,  and  the  simultaneity  of  action  throi^hout  the  structure,  would, 
in  all  probabiUty,  result  in  such  antagonisms  as  to  produce  no  effect 
whatever  if  only  a  sufficiently  extensive  region  is  taken  for  test.  This 
suggestion  is  supported  by  the  following  experiment.  We  placed  the 
two  electrodes  on  outlying  tissues  on  opposte  sides  of  the  gland  and 
about  1  nun.  distant  from  its  border.  Under  these  circumstances 
chorda  stimulation  failed  to  produce  any  action  current  that  had  an 
effect  on  the  galvanometer;  there  appeared  to  be  a  nullification  of  the 
electrical  differences  in  the  secreting  cells  taken  as  a  whole.  An  elec- 
trode placed  at  a  point  on  the  surface,  however,  should  be  regarded  as 
having  peculiar  relations  to  the  structures  beneath.  At  that  point 
doubtless  there  are  cells  facing  ducts  and  backing  on  lymph  spaces; 
and  secretion  by  these  cells  would  be  accompanied  by  ionic  alterations 
or  by  shifts  of  concentration,  occurring  at  surfaces  immediately  below 
the  electrode,  which  would  definitely  affect  it.  In  other  words,  although 
a  stimulated  gland  is  simultaneously  active  in  all  parts,  and  consequently 
the  attendant  potential  differences  are  likely  to  balance  one  another, 
still  the  electrical  changes  in  a  group  of  cells  near  the  surface  would  be 
detected  if  one  electrode  is. sharply  localized  in  their  neighborhood. 
These  changes  would  produce  current  lines  diveiging  from  the  electrode 
on  the  gland  surface,  passing  widely-s^o'ead  through  the  gland  to  sur- 
rounding tissues,  and  converging  again  to  the  electrode  on  the  sub- 
cutaneous fascia.     By  this  conception  it  has  seemed  to  us  possible  to 

*  Subcutaneous  fascia  was  selected  as  an  indifferent  tissue  because  of  Waller's 
testimony  to  its  inactivity. 
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An  action  current  may  or  may  not  be  demonstrated  with  both  elec- 
trodes on  the  gland.  When  it  is  developed,  it  is  probably  due  to  a 
difference  in  the  relations  of  the  underlying  active  tissue  to  the  two 
points  of  contact.  If,  with  both  electrodes  on  the  gland,  the  action 
current  has  the  same  effect  as  the  compensating  current,  the  galvano> 
meter  moves  out  sharply  in  response  to  the  glandular  activity  (action 
current),  and  instead  of  returning  to  zero,  as  normally,  after  the  action 
current,  it  continues  slowly  outward.  And  if  the  action  current  is  op- 
posed to  the  compensation  current,  stimulation  sends  the  galvanometer 
outward  as  usual  and  there  is  a  prompt  return  to  zero,  but  now  the 
galvanometer  continues  to  move  slowly  beyond  zero,  i.e.,  as  if  now  con- 
trolled by  the  compensating  current.  This  phenomenon  can  be  ac- 
counted for  by  assuming  conditions  which  lessen  the  current  of  rest 
(increased  conductivity,  increased  permeability  of  membranes?).  It 
does  not  occur  when  a  sufficient  amount  of  tissue  otUside  Ae  active  gland 
intervenes  between  the  electrodes.  Then  the  factor  of  lessened  poten- 
tial of  the  current  of  rest  is  minimized  by  the  tQclusion  in  the  circuit  of 
considerable  undisturbed  tissue  which  offers  a  resistance  little  affected 
by  changes  in  the  gland,  and  the  action  current  alone  is  manifested  on 
excitation. 

In  certain  cases  there  was  a  tendency  for  the  galvanometer  to  move 
continuously  in  one  direction  even  though  compensation  was  repeatedly 
effected.  Usually  this  phenomenon  was  more  marked  when  the  gland 
was  first  exposed  than  later.  The  reason  for  the  phenomenon  has  not 
been  determined;  though  probably  one  factor  was  a  greater  evapora- 
tion at  one  pole  than  at  the  other.  When  present  it  was  a  source  of 
difficulty,  for,  dependent  on  the  direction  of  the  tendency  to  move,  the 
return  of  the  galvanometer  to  zero  after  an  excursion  was  either  incom- 
plete or  excessive. 

In  order  that  the  galvanometer  may  give  as  true  a  record  as  possible 
of  the  electrical  changes  due  to  physiological  processes  it  is  necessary, 
of  course,  to  keep  the  parts  under  and  near  the  electrodes  as  quiet  as 
possible.  While  working  in  the  neck  region  we  found  that  an  L-shaped 
cannula  inserted  into  the  trachea,  and  clamped  so  that  it  held  the  struc- 
tures in  the  larnygeal  region  in  some  tension,  reduced  to  a  minimum 
the  influence  of  respiratory  movements.  Occasionally,  exposed  mus- 
cles in  the  field  of  operation  will  twitch.  This  trouble  can  usually  be 
obviated  by  cutting  across  the  muscles,  or  by  severing  their  nervea. 
The  various  other  ways  in  which  motion  at  the  contact  between  the 
electrode  and  the  tissue  was  eliminated  in  different  circumstances  will 
be  described  later. 
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Id  siNue  of  the  earlier  expenmests  uicEtheaa  was  dispeneed  with 
after  the  bi&ia  and  the  spinal  rord  (as  far  as  the  mid-thorax)  had  been 
(lithed.  Ahbou|^  such  a  prepaiation  b  quiet  and  is  free  &oin  the 
iudueove  of  any  depreeaye  oateotic,  the  blood  preasare  is  ponblr  too 
b>v  for  sormal  aetiixi.  After  some  experience  with  nrethane  aad  etho', 
wv  cuue  to  the  n»e!i£<ioQ  ihat  etheriiatioD.  if  not  loo  prufouod,  was 
the  beift  cuode  of  reoderiog  the  animAl  mocionlen. 

nuE  lussiBU  rA,cKtt$  ix  thk  ELxcnucaL  cHAseia  a  q*»w« 

$Ctiu'>iI&ttoa  of  the  nerve  cvumecced  with  a  ^lacd  may  have  at  least 
two  oiivcc  i>[f>^-t$.  oQtf  oQ  the  slanti  ovIL*.  the  other  on  the  snootb 
oiu^-ltr  of  :b:e  blood  veeseEif:  and  it  mar  have  at  [east  two  indirect  ef- 
fevCss  an  alteration  of  the  race  of  biocd  dow  thruo^  me  Yeseels.  and 
thtf  moiLon  of  sevreted  duid  aioo^  J-acts.  Conoeivabty  any  of  tiKse 
varta*Lotii5  :m)j:bc  produce  a  ohai^ce  of  pocentiaL  Evidendv  if  v^jcolar 
caan;i:e&  vadoi.'onfitrii.'cion  or  Ta£o«iiI;ivicii.  were  in  theosehrfs  capable 
of  iitv.ujE  nse  to  eievtricat  (iiiletenv.-eti,  it  wvuld  be  diifiirult  tx  tmptisable 
to  draw  Lvijciusioijs  rwcanii'j^  seereticn  in  dui;tiesH  oanib  having  co 
dvuK'Uscral'ie  uisiroarse.  I'  is  of  prjjie  Lriipoctam.'e-  dn^efore.  to  de- 
tenjiiiie  wba:  pact  any  \.-hii3p?s  which,  ire  ini:nieasil  ;o  iriami'ilar  ar- 
:;^f.^^  usfil"  :iLjy  play  iu  <ewki:iic  eiectr-j.-a^  eifefcs. 

L'^iT'.^m  :iii.'  puiil  ive  yt?ars  ev'dtrtn.-e  oas  ipcwarvd  :hat  contiaccioa 
Auyi  Kl■.i^^^M^l  of  sitn,vth  mujs*.'ie  ar^  ao.t-mpm] :e-i  ':y  ete-.-criciociTe 
■oiii'notittiia.  L'htf  oL-servacLi-'tis  by  Fuciis  i  -m  <tp»iDi;'iiuH  and  those 
■ji  tir-;i.'ii.e  7  on  ::io  recr*i.-i:oc  [if>:is  iod  :t  \rxa  md  Brifke  on  the 
'inrUT  i.t^e  showti  ijm'.i."  c>i.-d~'y  tj;*:  :'io  citi;rr;i.-al  icwcipanimenC  of 
i.-«'ii  -ii-i;vu  :*  jj*  viuii-tccctsiic  of  M' ■ci-*cria;i*  as  ir  :s  ,•[  fcrtate  iiusete. 
<t..i  ■■n'tv  -.vr'u'od:  i*h^:"k'  .■>i-eo':*::'-H  by  >tra;ib  S  .  v'-iv  lotei,  iur- 
■i:ft  \ii'  -Vujxf  '.'i  ±  stK;;.  .'i  ■;!>,'  ..■if'.'vc*  n  xF'.-j.>n  .ijc^n.  a&  jn  zim  -iiec- 
:'-"va;';:i'ii-i;u.  ..'.,vL  ',.'<.■  -■;*■  ■:i  jn-v-ii  ;'i'\^s*iii~  'i  ilt;«r:ca:  JJHJit'-iia  oc  a 
■ios*'  .>>  nMviuii  *:is  ■t:.i,-i;o\t  .'>  a  .-'iLini-'cr'ttn:  i^'uenl  <m:-  .jf  :ae 
=t-'.\s;'.i!ii.'ivi-,  »•ll^Il  *»*  -i-o'v-r.:>:  -.'in  ij~  ^  ;e  ".'rv-sjiir^  rVJ.  Sf  aij?- 
<>'^t\!  j.t;  i.s  -.'iviioi'MiK-u  •:*»*  ■iiji!  i>t;i  ,i-ii  \  -Lie  n-'iun  .-irt^nt 
oi  .-K"  --i'^v.:!  ■niisi.iv  ti  ■  IV  ^ortf*ris.  V.'  KA-ji'i  ji  ?(-aii'.'  «  fxpefieni.'e 
Vvu  -■'ii''  -ii'.i'ii  '1  ii»:-5a*'>>,  ■■■■I'l  ^■x'oisu."?  'o  ."•-'I'l,  i:-:  "xr  ■jcjiiiite  any 
,.-,■  '..-1  .1  ,•'■■%■!.    t;'.i  •!.>  >.v  '.  «■(*  jtvn    r  "  K'    .■i.i;^r'"i*-i  T»f>>e  on  die 
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the  elecbical  idienomena  of  glands  was  discussed  and  tested  by  Bayiiss 
and  Bradford,  and  later  especially  by  Bradford  (9).  They  made  use 
of  the  effect  of  atropine  in  abolishing  secretion  without  disturbing  the 
action  of  nervous  impulses  on  the  smooth  muscle  of  the  blood  vessels. 
After  injecting  atropine  they  found  that  whea  the  chorda  tympani 
failed  to  produce  a  salivary  flow  from  the  submaxillary  gland  there  was 
simultaneously  a  disappearance  ot  the  electrical  phenomena.  Since 
atropine  does  not  interfere  with  the  vasodilation  due  to  chorda  influ- 
ences the  conclusion  was  justified  that  this  vascular  change  was  not  a 
factor  in  the  galvanometric  response.  Confirmation  of  Bayiiss  and 
Bradford's  claim  is  seen  in  figure  4,  which  records  electrical  changes  in 
the  submaxillary  gland  on  chorda  stimulation  (a),  and  on  sympathetic 
stimulation  (6),  before  the  administration  of  atropine  (1  cc.  per  kilo  of 
a  1  per  cent  solution,injected  intramuscularly  between  b  and  c);  and 
the  failure  of  the  changes  on  chorda  stimulation  (c),  five  minutes  after 
the  injection,  and  on  sympathetic  stimulation  (d)  with  the  same  weak 
current  that  was  employed  at  first.  When  the  current,  strength  was 
increased  sympathetic  stimulation  was  again  effective  (at  e),  but  no 
response  could  then  be  evoked  through  the  chorda  tympani. 

There  is  the  possibihty  that,  although  relaxation  of  smooth  muscle 
in  the  vessels  of  a  gland  does  not  disturb  the  galvanometer,  contraction 
might  do  so.  Of  course  a  shortening  of  the  vascular  muscle  occurs  dur- 
ing recovery  from  chorda  dilation,  and  yet,  as  shown  above  (figure  4, 
c)  no  deviation  of  the  galvanometer  appears.  The  sympathetic  influ- 
ence on  the  vessels  of  the  gland  (in  the  dog)  affords  evidence,  however 
which  is  more  positive.  Atropine  in  a  sufficiently  large  dose  not  only 
inhibits  the  influence  of  the  chorda  tympani  but  also  that  of  the  sym- 
pathetic impulses.  And  Bradford  found  that  when  such  a  dose  is 
given  to  a  dog  the  abolition  of  the  secretory  effect  of  the  efympathetic 
is  coincident  with  the  abolition  of  the  electrical  phenomena.  Still 
other  evidence  that  vasoconstriction  alone,  in  the  absence  of  secretioa 
is  not  effective  in  producing  electrical  differences  is  foimd  in  the  results 
<tf  injecting  pituitrin.  As  is  weU  known,  pituitrin  causes  a  general 
rise  of  blood  pressure  by  a  direct  constrictor  action  on  the  arterial 
walls.  We  have  injected  pituitrin^  (0.2  cc.)  into  the  femoral  vein  of  a 
cat  and  raised  the  general  blood  pressure  from  102  mm.  of  mercury  to 
158;  there  was,  however,  no  secretion,  and  the  galvanometer  showed 
no  electrical  change  whatever. 

'  We  uaed  the  fluid  preparation  made  by  Parke,  Davia  and  Company,  Detroit. 
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From  these  various  experiments  the  conclusion  seems  well  warranted 
that  the  electrical  phenomena  accompanying  secretion  are  not  due 
either  to  contraction  or  to  relaxation  of  the  smooth  muscle  is  the  ves- 
sels of  the  gland. 

Another  condition  concomitant  with  vasomotor  changes  and  also 
with  external  secretion  is  an  altered  rate  of  flow  of  flxiid  through  capil- 
laries and  ducts.  It  has  long  been  rect^nized  that  the  movement  of 
fluid  through  fine  tubes  is  capable  of  causing  differences  of  potential 
(10).  May  not  the  faster  or  slower  blood  flow  and  the  progress  of  se- 
creted material  occasion  the  electrical  phenomena? 

Local  vasodilation  would  be  accompanied  by  a  faster  streaming,  local 
vasoconstriction  by  a  slower  streaming  through  the  capillaries.  As  al- 
ready noted,  both  vasodilation  and  vasoconstriction  will  occur  after 
atropine  has  stopped  secretion  of  the  submaxillary  gland.  But  when 
secretion  is  lacking  the  electrical  effect  also  is  lacking.  Under  these 
circumstances,  therefore,  the  altered  rate  of  flow  cannot  have  any  in- 
fluence in  creating  a  difference  of  potential.  We  have  tested  the  possi- 
bility further  by  raising  blood  pressure  in  the  head  throu^  sudden 
occlusion  of  the  aorta  below  the  diaphr^m  and  by  suddenly  lowering 
the  pressure  through  compression  of  the  heaii.  A  pressure  of  120  mm. 
of  mercury  was  thus  raised  to  182  mm.  and  later  lowered  to  66  mm. 
Neither  the  faster  flow  from  the  high  pressure  nor  the  slower  flow  from 
the  low  pressure  had  any  effect  on  the  galvanometer.  An  altered  rate 
of  blood  flow,  we  may  conclude,  is  not  a  factor  in  producing  the  elec- 
trical change. 

Although,  in  our  experience,  differences  in  the  speed  of  streaming 
blood  had  no  electrical  effects,  complete  stoppage  of  the  stream  usually 
produced  a  deflection  of  the  galvanometer  which  varied  in  extent  and 
promptness  of  appearance.  It  seems  probable,  because  of  these  varia- 
tions,  that  the  electrical  changes  are  not  consequent  on  the  physical 
changes  in  the  blood  flow  but  are  due  rather  to  the  influence  of  anemia 
on  the  gland  cells. 

Evidence  indicates  that  the  movement  of  secreted  material  along 
minute  ducts  of  a  gland  likewise  does  not  condition  the  electrical  re- 
sponse. Bradford  (11)  noted,  and  we  have  confirmed  him  (see  figure 
5),  that  the  galvanometer  deflection  starts  before  the  saliva  begins  to 
move,  and  the  maximum  rate  of  the  deflection  is  reached  before  the 
maximum  rate  of  flow  from  the  duct.  Furthermore,  when  the  escape 
of  saliva  is  prevented  by  compressing  the  duct,  repeated  stimulations 
cause  the  usual  electrical  effect,  though,  as  might  be  surmised  from  the 
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derriopnieiit  of  a  t»ck-|veaBare,  the  effect  bccwmeii  gndmllr  leee  (see 
6gan  6.  b,  c  4-  If  now  by  icntorsl  cf  the  eompwion  the  aceuma- 
bted  s*lnrm  is  allowed  to  60*  tntiy  do  potential  <fiffefeoce  appears 
(aee  &gan  6  r^.*  This  absence  cf  an  elertrioJ  diange as seoeted  floid 
bepns  to  idotc  or  ceases  to  nxm  akxig  ducts  is  in  aeoord  with  the 
eoDciaBion  nadtcd  in  the  t«CTioua  pazacrapte  that  the  phjseal  diangee 
m  the  Kood  flow — etaiting,  stoppio^  or  piin%  CuitCT  cr  dower — are 
MM  the  occaaon  for  eiectromotiTe  phesomena.* 


f  1i  >iiM  wiMi    licwwr  RviwL  AKfc  i«»3.  thttrit^ 
••«  n  taaauL    LaM  iiw^  «li»  tar  «■  f 


'[  ««p:n^:  ai  «  c-lip  ii^iiiiiil 


Az  »{rij.'<e  rtirrKLT  w.Z  »ocn-i:r,jm;:,T  i*v^y:j,-c  K'tv  the  luood  sappkf 
has  Sf«c  rfT.w^^,i.■  Ptfrsr*  7  rfv~,Taf  .ix-  p'^tvcnnfi  tiaifgs  ocanrinc 
iz:  iSf  rii^A  s:;SrriMr.l'jarr  j:^ij>.i.  Ai  fi  ibt  r^lT  nomzafsi  divod  aitery 
was  rijfcr.-.ivii  ihe  kci  h*J  b«s  ;iiirr.iy\:  jEvocmaJr  -  About  one 
rrur..;r*  li.:rt-    M  r    "i»*  «c-o«k;  s.rrr.TiiTiK-Jsr  was  gnji^^iMicd  for  ten 
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At  c  the  clamp  was  removed  from  the  right  carotid.  The  record  of 
electrical  change  differs  from  the  normal  chiefly  in  the  absence  of  a 
rapid  return  to  the  base  line  (cf.  figures  5  and  6),  but  the  upward  curve 
is  characteristic  and  adds  further  to  the  proof  that  the  electrical  response 
does  not  arise  from  vascular  chaises.  Favorable  to  that  conclusion, 
also,  is  Bohlan's  observation  that  vagus  stimulation  calls  forth  an 
action  current  of  the  gastric  mucosa  even  though  the  aorta  is  clampett 
Other  reasons  for  concluding  that  the  functional  activity  of  the  se- 
creting cells,  and  not  muscular  contraction  or  movement  of  fluid  through 
fine  tubules,  determines  the  appearance  of 
an  action  current  in  glands,  will  be  noted 
in  later  papers.  Thus  the  latent  period  of 
the  action  current  in  the  thyroid  gland  dif- 
fers from  that  of  the  adrenal,  and  in  both 
these  glands  the  period  is  much  longer  than 
in  the  submaxillary.  Also  the  duration  of 
the  action  current  differs  markedly  in  dif- 
ferent glands;  in  the  submaxillary  it  may 
last  not  more  than  a  half-minute,  in  the 
thyroid  and  adrenal  it  commonly  lasts 
much  longer,  as  a  result  of  brief  electrical 
stimulation  of  nerves.  There  is  no  reason 
for  supposing  that  the  smooth  muscle  in 
the  blood  vessels  of  these  glands  varies 
either  in  the  quickness  of  its  response  or 
in  the  persistence  of  its  altered  state  (con- 
traction or  relaxation).  The  variations  in 
the  character  of  the  action  currents,  typical 
of  the  several  glands,  contribute  strongly  to  the  argument  that  the 
electrical  changes  are  reliable  manifestations  of  a  functional  response. 


Fig.  7.  Action  euirent  of 
BubmaxJllary  gluid  after 
carotid  arteries  cloeed. 
Upper  record,  galvanome- 
ter, connected  with  right 
submaxillary  gland.  Lower 
record,  time  in  half-minutea; 
at  a  right  carotid  closed 
(left  closed  previously),  at 
b  sympathetic  stimulated  10 
seconds,  at  c  clip  removed 
from  right  carotid. 


SUBfUATION   PHENOMENA 

As  illustrating  the  possibility  of  using  the  electrical  method  to  ob- 
tain insight  into  the  conditions  of  activity  of  glands  the  results  of  com- 
bined  chemical  and  nervous  stimulation  may  be  cited.  Figure  8  shows 
the  usual  effect  of  nervous  influences  after  pilocarpine.  At  a  1  cc.  of 
pilocarpine  (1 :  1000)  was  injected  into  the  femoral  vein.  A  persistent 
secretion  soon  started,  accompanied  by  a  persistent  positive  electrical 
change.     At  b  the  chorda  tympani  was  stimulated  for  15  seconds,  but 
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without  i^ect.  About  30  secoDds  later  (at  c)  stimulation  of  the  cervi- 
cal sympathetic  tnrnk  sent  the  galvanometer  deflection  from  +40  to 
+35,  then  out  to  +42,  and  slowly  back  to  +25.'*  In  this  instance  the 
otcitation  induced  by  pilocarpine  was  such  that  the  chorda  influences, 
whidi  pilocarpine  is  supposed  to  mimic,  no  longer  had  any  effect.  The 
sympathetic  influences,  however,  were  still  capable  tA  increasing  the 
activity  erf  the  ^uid. 


Fig.  8.  IncffectiTenesa  of  chorda  impulses  and  effectiveneM  of  Bympathetic 
impulMB  dnriog  pilocarpine  action.  Upper  record,  galvanometer.  Lower  rec- 
ecd,  time  in  half-minutes;  at  a  1  ec.  pilocarpine  (1 :  1000)  injected  intravenously, 
at  ft  eborda  stimulation,  at  e  sympathetic  stimulation  (see  text). 


Fig.  9.  Effectiveness  of  chorda  impulses  and  ineffectivenees  of  sympathetic 
tmpulsea  during  adrenalin  action.  Upper  record,  galvanometer.  Lower  record 
time  in  half-minutes;  at  a  1  cc.  adrenalin  (1: 10,000)  injected  intravenously,  at 
b  chorda  stimulation,  at  c  sympathetic  stimulation,  at  d  another  adrenalin  injec- 
tion (1  cc.,  1 :  10,000),  at  e  sympathetic  stimulation,  at  /  chorda  stimulation. 


The  conditions  of  excitation  in  the  submaxillary  are  quite  different 
when  adrenin  is  administered.  In  the  cat  this  substance  calls  forth  a 
secretion  of  watery  saliva  and  an  attendant  electrical  effect.  In  figure 
9  is  shown  the  record  of  the  galvanometer  after  1  cc.  of  adrenalin 
(1:10,000)  was  injected  (at  a)  intravenously.  When  the  effect  was 
maxima],  the  chorda  tympani  nerve  was  stimulated  (at  b),  and  the 
movement  in  the  positive  direction  was  definitely  increased; at  d  an- 

'*  The  plus  sign  (+)  indicates  a  moyement  of  the  galvanometer  so  that  record 
atove  the  base  line  is  registered,  i.e.,  the  gland  is  negative  to  the  fascia  (see p.  44). 
like  numbers  refer  to  millimeter  divisions  on  the  galvanometer  scale. 
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other  injection  of  adrenalin  was  made,  and  near  the  Biunmit  of  the 
curve  stimulation  of  the  S3mipathetic  was  without  influence,  but  when 
on  the  return  the  chorda  was  stimulated  a  considerable  increase  of  the 
positive  deflection  was  registered  (from  +5  to  +12).,  In 'another  in- 
stance, after  sympathetic  impulses  had  been  proved  impotent  during 
the  acme  of  adrenalin  action,  a  second  dose  of  adrenalin  caused  an  ex- 
cursion to  +26;  and  when  at  this  maximum,  chorda  stimulation  for  10 
seconds  increased  it  to  +41.  In  these  instances  excitation  of  certain 
glandular  components  by  adrenin  made  ineffective  the  sympathetic 
impulses  which  this  substance  emulates;  but  other  components  sub- 
ject to  chorda  influences  were  not  involved,  and  when  they  were  stimu- 
lated, the  gland,  as  the  galvanometer  ehows,  became  still  more  active. 

Confirmation  of  these  results  was  obtained  by  stimulating  for  five 
seconds,  'first  the  chorda  tjrmpani,  and  then,  after  the  galvanometer 
had  moved  to  a  maximum  of  +22,  stimulating  for  the  same  period  the 
sympathetic  trunk.  The  excursion  was  thus  increased  to  +32.  Con- 
versely, when  sympathetic  stimulation  preceded  and  the  deflection  had 
reached  +20,  excitation  of  the  chorda  fibres  increased  it  to  +42. 

REVERSAL  OP  THE  SIGN   OP  THE   RESPONSE 

A  phenomenon  which  has  been  repeatedly  noted  in  electrical  studies 
<^  glandular  action  is  reversal  of  the  response.  Thus  Engelmann  (12) 
reported  that  the  usual  effect  of  stimulating  the  nerve  of  a  piece  of 
frog's  skin  is  a  negative  variation  of  the  normal  "in-going"  (i.e.,  exter- 
nal  surface  negative  to  internal  throi^  the  galvanometer)  current  of 
the  skin.  In  Hermann's  observations  (13),  on  the  other  hand,  the 
commonest  effect  was  a  positive  variation — an  increase — of  the  nor- 
mal current.  Bayliss  and  Bradford  (14),  although  admitting  that  it 
is  "scarcely  possible  to  speak  of  a  normal  excitatory  variation," foimd, 
by  making  examinations  throughout  the  year,  that  most  of  the  time 
they  confirmed  Eermann  but  during  the  breeding  season  (February  and 
March)  they  saw  what  Engelmann  had  seen.  According  to  Waller  (15) 
the  reversal  of  response  may  occur  within  a  few  minutes — the  first  ef- 
fect of  stimulation  is  in  the  Engelmann  sense,  the  second,  five  minutes 
later,  is  less  so,  and  the  third,  five  minutes  later  still,  is  in  the  direction 
Hermann  described. 

We  have  had  similar  experiences  in  recording  the  action  currents  of 
internal  glands.  For  example  in  one  animal  the  thyroid  gland  when 
stimulated  will  be  n^ative  in  relation  to  the  indifferent  skin,  in  an- 
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other  it  inU  ebow  regularly  a  porative  relatkm.''  TIob  is  admittedly 
disturbing.  Various  saggestioiis  come  to  mind  as  poeably  aocoanting 
for  it,  Boch  ae  the  poatian  <d  the  electrode  cm  the  ^and,  tbe  degree  of 
pressure,  a  rorerBal  trf  actavity,  the  leaseniug  of  an  activity  already  es- 
isteiit  rather  than  its  increase  on  stimulation,  vr  so  modi  greater  pa- 
niftRhility  that  the  eompensating  current  prevails.  Many  cd  these  sug- 
gestions wa«  ruled  out  by  a  r^ult  which  we  obtained  in  stHne  ftTiir"»lf 
on  stimulating  atha*  the  chorda  tympani  or  the  cervical  sympathetic 
trunk  after  the  sutnoaxillary  gland  was  set  in  proJooged  secretion  by 
IMloearTHDe  (1  cc  1 :  1000,  intravenously).  Under  these  orcumstanoee 
the  nerve  impulses,  instead  of  causing  the  ^and  to  beocxoe  increaan^y 
negative  to  the  skin,  rendered  it  lew  negative  (see  ^ure  10,  c,  d  and 
c).  And  Khen  the  potential  accompanying  the  eecretc»y  activity  was 
ecHnpensated,  sympathetic  or  chorda  stimulatiao  (figure  10  f)'mste»d 
of  mjJring  the  gland  negative  to  the  skin  (as  figure  10,  a)  now  made  it 
positive.  Lata-  the  nerve  impulses  caused  a  primary  slight  movranoit 
ei  the  galvaDometer  in  the  "normal"  direction,  but  there  fi^owed  at 
aaoe  a  much  more  extensive  excutacm  opposed  to  that.  In  these  ex- 
perimeDts  there  was  no  shift  in  the  poation  of  the  electrode  ncH-  any 
variation  of  ite  [n-essure  on  the  gland.  As  a  result  of  the  stimulatim 
there  was  the  Dormal  effect  <A  chorda  impulses — a  marked  increase  in 
the  nte  of  secretioD.  Leaseniug  of  the  i^j^ologica]  |Rx>ce8B  or  rever- 
sal (tf  it  cannot,  therefore,  be  invoked  to  account  for  the  {AoitHnaion. 

For  the  present  the  reveisal  of  the  sign  of  the  re^Mxee  remains  un- 
explained- It  may  belong  in  the  same  category  with  nmneroos  other 
instances  of  exactly  opposed  effects  of  the  same  ftimulos,  dependoit  <» 
the  sta.t«  of  the  responding  tissue  (16).  IVom  the  evideooe  here  givm, 
however,  we  may  rest  assured  that  the  electrical  change,  either  posi- 
tive or  negative,  which  follows  stimulation  is  an  iodicatioD  of  ^andn- 
lar  activity.  like  other  indicators  of  fundamental  i^ysicdogical  pro- 
cesses the  electrical  change  develops  gradually  to  a  maximtmt  and 
more  gradually  subsides  again,  and  it  follows  after  a  d^nite  lat^it 
period.  As  Walla-  has  remarked,  the  ob-nous  delay  between  excita- 
tion and  respmise  is  "a  sure  and  reassuring  sign  that  we  are  dealing 
with  a  true  physiological  response,  outside  all  possibility  of  coarse 
phj-sical  fallacy," 

It  is  obvious  that  many  more  aspects  of  the  functioning  of  the  sub- 
ma3dllar>-  gland  are  capable  of  investigation  by  the  electrical  method. 

"  Tb«  terms  "neg^stive''  and  "pontive"  ve  employ  with  the  nndastasdiiig 
that  they  refer  to  two  regions  as  relate  throug;fa  external  connections. 
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"One  of  the  most  difficult  and  yet  one  of  the  most  important  prob- 
lems  of  modern  physiolt^y  is  the  question  of  the  innervation  of  the 
glands  of  internal  secretion."  With  this  sentence  Osokin  begins  a  re- 
cent paper  on  the  thyroid  gland.  Among  our  chief  objects  in  under- 
taking this  series  of  studies  on  the  electrical  phenomena  of  glands  was 
to  throw  as  much  Ught  aa  possible  into  the  obscure  regions  of  our  ac- 
quaintance with  the  innervation  of  the  ductless  glands.  Because  of 
an  interest  which  one  of  us  had  in  another  research  on  the  thyroid  we 
selected  this  gland  for  our  first  examination. 

Hiatologicai  evidence.  That  the  thyroid  is  well  supplied  with  nerves 
has  been  known  for  many  decades,  as  a  result  of  histological  studies. 
There  has  been  general  agreement  among  investigators  that  these 
nerves  have  not  been  distributed  solely  to  blood  vesseb,  but  come  into 
relation  besides  with  the  peculiar  glandular  cells  of  the  oigan.  As  far 
back  as  1867,  Parameschko  (1)  found  nerves  leaving  the  vessels  and 
passing  away  as  varicosed  branches  in  the  connective  tissue  between 
the  follicles.  In  1875  Poincar^  (2)  made  similar  observations,  and  in- 
timated that  these  fibres  might  have  a  secretory  function.  And  since 
then  plexuses  of  nerve  fibres  about  the  follicles  and  connected  with  the 
bases  of  cells  have  been  reported  by  CrisafuUi  (3),  by  Andersson  (4), 
and  by  Berkeley  (5).  Andersson's  description  has  recently  been  con- 
firmed by  Khinehart  (6).  According  to  this  latest  work  all  nerves 
entering  the  thyroid  gland  are  non-meduHated ;  they  arise  from  neigh- 
boring cervical  sympathetic  ganglia,  accompany  the  arteries,  and  fol- 
low their  branches  after  entering  the  gland.  From  the  perivascular 
plexuses  fibres  are  given  off  to  interfollicular  connective  tissue  and 
form  there  other  plexuses  completely  surrounding  the  follicles.     From 
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each  perifollicular  plexus  the  finest  fibrils  reach  out  and  end  in  knob- 
like enlai^ements  on  the  basal  end  of  the  gland  cells. 

From  the  analogy  of  other  glands  provided  with  secretory  nerves,  we 
should  expect  that  the  cells  of  the  thyroid  would  be  supplied  solely  by 
fibres  from  the  autonomic  nervous  Q'stem.  The  histological  evidence, 
just  cited,  that  only  non-medullated  fibres  enter  the  gland,  gives  con- 
firmation to  that  Burmise.  These  fibres,  however,  might  be  derived 
from  both  the  sympathetic  and  the  cranial  divisions  of  the  autonomic 
system,  or  from  either  division  alone.  It  is  a  matter  of  considerable 
significance  for  understanding  the  relation  of  the  thyroid  to  the  bodily 
economy  to  learn  their  origin. 

Anabmtical  evidence.  After  careful  anatomical  and  embryological 
dissections  Brian  (7)  reported  that  the  thyroid  nerves  arise  from  the 
cervical  sympathetic  trunk,  leaving  that  trunk  at  different  levels,  but 
originating  especially  (in  man)  from  the  middle  cervical  ganglion. 
This  mass  of  nerve  cells  usually  lies  upon,  or  close  to,  the  inferior  thy- 
roid artery,  hence  the  name  "thyroid  ganglion"  assigned  to  it  by  Hal- 
ler.  It  corresponds  to  the  inferior  cervical  gangUon  of  the  dc^  and 
cat.  Even  what  in  man  has  been  described  as  the  inferior  cervical 
ganglion  is  frequently  found  fused  with  the  first  thoracic.  It  is  this 
fusion  of  several  ganglionic  masses  at  the  top  of  the  thorax  that  makes 
the  stellate. 

In  man  the  fibres  passing  out  from  the  middle  (inferior)  cervical 
ganghon  form  plexuses  around  the  thyroid  arteries,  Brian  states,  but 
chiefly  around  the  inferior  artery.  According  to  Poirier  and  Charpy 
(8)  and  other  anatomists,  branches  from  the  superior  cervical  gan- 
glion make  the  superior  thyroid  plexus  about  the  artery  of  that  name, 
and  penetrate  the  gland  along  with  it.  Hcnie's  observation  that  the 
superior  laryngeal  nerve,  and  Lindemann's  observation  that  the  re- 
current laryngeal  each  sends  two  or  three  filaments  to  the  gland,  were 
confirmed  by  Brian  in  all  his  dissections. 

In  the  cat  the  inferior  cervical  ganglion  lies  low  in  the  neck,  and  the 
superior  cervical  is  situated  well  above  the  level  of  the  thyroid  carti- 
lage. The  inferior  thyroid  artery  along  which  in  man  filaments  from 
the  inferior  ganglion  pass  to  the  gland  is  inconstant  in  the  cat,  and 
even  when  present  is  small.  The  superior  thyroid  artery  is  a  regular 
branch  of  the  common  carotid.  Langley  states  (9)  that  occasionally 
in  the  cat  a  small  "accessory"  ganglion  is  found  on  the  cervical  sym- 
pathetic trunk,  about  the  level  of  the  superior  thyroid  artery,  which 
sends  ofF  gray  fibres  to  that  arter>'.  In  most  animals  this  ganglion  is 
part  of  the  superior  cervical. 
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latJon  of  the  superior  thyroid  vesseb  with  the  accompanying  nerves,  or 
the  vagosympathetic  trunk  (in  the  dog),  may  make  the  iodine  content 
of  the  disturbed  lobe  less  than  that  on  the  other  side  by  as  much  as 
0.358S  mgm.  per  gram  of  gland  substance.  They  concluded,  there- 
fore, that  a  dischai^  of  the  peculiar  substance  of  the  thyroid  takes 
place  in  response  to  nervous  stimulation.  This  conclusion  has  been 
supported  by  Watts  (19)  who,  after  stimulating  the  cervical  sympa- 
thetic trunk,  or  the  nerve  filaments  accompanying  the  superior  thyroid 
artery  (in  the  dog),  found  a  considerable  reduction  of  the  iodine  con- 
tent of  the  thyroid  on  the  stimulated  side.  After  stimulation  of  the 
entire  sympathetic  trunk  the  average  reduction  (0.04572  per  cent  for 
dry  tissue)  was  more  than  it  was  when  the  thyroid  filaments  alone 
were  excited  (0.03526  per  cent). 

Additional  evidence  indicative  of  sympathetic  influence  over  thyroid 
activity  was  obtained  by  Missiroli  and  by  Wiener.  Missiroli  (20) 
found  at  various  periods  after  section  of  the  sympathetic  trunk  in  the 
neck  characteristic  changes  in  the  granules  of  the  secreting  cells  of  the 
thyroid.  Wiener  (21)  studied  the  effects  of  cutting  not  only  the  sym- 
pathetic, but  also  other  nerves.  He  severed  the  vagus  on  one  side  (in 
the  dog)  above  the  ganghon  nodosum,  but  without  effect — the  glands 
on  the  two  sides  corresponded  in  weight  and  in  iodine  content  just  as 
in  normal  animals.  The  result  was  quite  different  &fter  removing  the 
inferior  cervical  ganglion ;  within  a  few  weeks  a  remarkable  diminution 
in  size  occurred  on  the  operated  side  (in  three  cases  a  lessening  of  dry 
weight  of  36.9,  48.5,  and  11  per  cent),'  and  with  that  a  corresponding 
reduction  of  the  thyroglobulin  content.  Katzenstein's  earlier  obser- 
vation (22)  that  severance  of  the  superior  laryngeal  nerve  results  in  a 
defeneration  of  cells  in  the  gland,  Wiener  explains  as  a  consequence  of 
section  of  sympathetic  fibres  in  the  superior  laryngeal,  because  cutting 
the  main  trunk  of  the  vagus  is  without  effect. 

He  concluded  that  if  paralysis  of  the  sympathetic  causes  atrophy 
and  a  lessened  iodine  content,  stimulation  must  cause  hypertrophy  and 
increase  of  thyrc^lobulin — a  conclusion  which  is  opposed,  however, 
by  the  results  of  the  stimulation  experiments  already  described. 

The  various  interpretations  which  have  been  given  to  the  experi- 
ments above  sketched  will  be  left  to  later  discussion.  For  the  present 
it  is  sufficient  to  state,  in  summary,  that  the  evidences  from  histologi- 

'  Id  a  cat  with  the  thoracic  eympathetic  cord  cut  jiut  below  the  stellate  gan- 
kUod  we  found  after  four  montha  the  thyroid  lobe  on  that  aide  weighing  0.16? 
gram,  that  on  the  other  side  0.256  gram. 
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cal  and  anatomical  examination,  and  from  experimental  excitation  and 
severance  of  nerves,  point  towards  a  definite  inBuence  of  sympathetic 
impulses  over  thyroid  activity. 

Electrical  andence  for  the  innervaium  of  the  thyroid  gland*  In  a  pre- 
vious paper  (23)  we  have  given  reasons  for  believing  that  the  action 
current  of  a  gland  is  a  reliable  indication  of  secretory  activity.  The 
two  phenomena,  as  tested  in  a  gland  with  external  secretion,  appear 
together,  vary  together  in  duration,  disappear  together,  and  are  inde- 
pendent of  accompanying  vascular  disturbances.  This  close  concomi- 
tance of  secretion  and  electrical  change  justifies  the  useof  the  electromo- 
tive phenomena  of  a  gland  to  determine  the  conditions  of  its  activity. 

Methods.  The  general  methods  which  we  have  employed  in  this  re- 
search we  have  described  in  the  first  paper  of  this  series.  We  found  in 
studying  the  thyroid  gland  that  urethane  (2  grams  per  kilo)  was  unsat- 
isfactory as  an  anaesthetic,  and  also  that  deep  etherization  was  capable 
of  abolishing  effects  that  appeared  readily  when  the  anaesthesia  was 
not  so  profound.  In  some  experiments  we  obtained  consistent  results 
on  dispensing  with  any  anaesthetic  after  pithing  the  brain  and  the 
cord  to  the  mid  thorax.  Since  the  blood  flow  was  thus  much  dimin- 
ished, however,  we  decided  that  etherization  to  the  point  of  immobiliz- 
ing the  animal  was  a  less  upsetting  procedure,  and  consequently  we 
have  employed  that  method  in  most  of  our  work.  In  a  few  cases  we 
have  used  curare  after  decerebration. 

Through  an  opening  between  the  second  and  third  ribs  the  right 
sympathetic  trunk  was  laid  bare.  Shielded  electrodes  which  could  be 
fixed  in  place'  were  slipped  under  the  nerves  just  below  the  stellate 
ganglion,  and  the  conductivity  of  the  fibres  below  the  electrodes  was 
destroyed  by  crushing.    The  skin  was  now  drawn  close  around  the 

'  The  brief  description  of  experiments  which  follows  gives  no  iadication  of 
the  troubles  which  were  encountered  in  the  course  of  our  investigations.  The 
method  was  new  to  ua,  it  was  new  in  its  application  to  glands  of  internal  secre- 
tion, and  was  beset  not  only  with  experimental  difGculties,  but  also  with  dangers 
of  serious  error.  We  lost  much  time  before  we  learned  that  deep  anaesthesia 
would  check  secretion.  We  had  difficulties  in  securing  immobility  and  exclud- 
ing the  eSccta  of  action  in  neighboring  tissues.  We  also  had  troubles  with  elec- 
trodes and  with  diffuse  action  of  chemical  stimuli.  All  these  and  other  condi- 
tions we  were  compelled  to  examine  for  their  influence  on  the  processes  being 
studied  and  on  the  methods  which  we  were  using.  After  we  had  learned  the 
pitfalls,  however,  and  could  intelligently  avoid  them,  we  found  it  possible  to 
demonstrate  in  one  preparation  practically  all  the  points  here  described. 

'  See  Cannon  and  Nice:  This  journal,  1913,  xxxii,  p.  47.  A  small  spear-shaped 
st«-el  hook  reaching  out  of  the  wood  held  the  rod  in  any  position  desired. 
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projectiog  part  of  the  electrodes.  Artificial  respiration  was  main- 
tained by  an  interrapted  air  current.  Ilie  leading  oS  (gelatin)  elec- 
trodes, connected  with  the  galvanometer,  were  set,  one  in  contact  with 
the  right  thyroid  gland  which  had  been  exposed  with  as  little  manipu- 
lation as  possible,  the  other  on  the  connective  tissue  inside  of  a  little 
flap  of  skin  turned  back  from  the  neck  at  about  the  thyroid  level,  or  at 
times  on  the  trachea.  Movement  of  the  parts  near  these  electrodes, 
due  to  respiration,  was  practically  abolished  by  clamping  the  tracheal 
cannula  and  pulling  it  slightly  towards  the  chest.  Usually  just  after 
the  gland  was  exposed  and  the  gelatin  electrodes  were  applied  a  period 
of  repeated  adjustment  had  to  be  passed  through  before  the  tissues  and 
the  compensating  current  were  in  equilibrium. 

Effects  of  sympathetic  atimviaiion.  Numerous  observations  have 
shown  that  when  the  sympathetic  trunk  immediately  below  the  stel- 
late ganglion  is  stimulated  by  a  weak  tetanizing  current  a  definite  dif- 
ference of  [wtential  is  developed  between  the  two  leading-oft  electrodes. 
This  phenomenon  does  not  occur  if  the  stimulus  is  applied  to  other 
nerves  in  the  upper  thorax,  e.g.,  the  central  end  of  the  cut  phrenic. 
It  is  not,  therefore,  due  to  any  spreading  of  direct  physical  influences 
from  the  thorax  to  the  upper  neck  r^on.  Furthermore  it  does  not 
occur  if  the  leading-off  electrode  on  the  gland  is  transferred  to  a  oe^h- 
boring  muscle,  and  the  thoracic  trunk  is  then  stimulated.  It  is, 
therefore,  due  to  some  change  in  the  thyroid  itself.  That  the  electri- 
cal change  has  a  characteristic  and  long  latent  period — usually  between 
5  and  7  seconds  after  the  stimulus  is  started — which  is  considerably 
longer  than  that  for  the  submaxillary  gland,  confirms  the  other  evi- 
dence that  the  change  is  not  direct  physical  effect,  but  a  peculiar  and 
distinguishing  manifestation  of  thyroid  activity. 

In  the  first  paper  of  this  series,  on  the  submaxillary  gland,  records 
were  published  illustrating  the  gland  negative  to  the  skin  (through  ex- 
ternal connections)  as  a  result  of  nerve  stimulation,  and  also,  but  un- 
der different  circumstances,  the  gland  positive  to  the  skin  as  a  result 
of  the  same  stimulation.  The  reversal  of  skin  currents,  also,  in  con- 
sequence of  repeated  nervous  excitations  during  a  short  period,  was 
referred  to.  Reversal  of  the  current  is  not  yet  explained,  but  that  it 
does  not  invalidate  the  electrical  phenomenon  as  a  criterion  of  activity 
is  proved  by  the  observation  that  a  tjT)ically  increased  flow  of  saliva 
follows  chorda  stimulation,  whether  the  gland  becomes  n^ative  or 
positive  to  the  skin  (24).  These  facts  are  recited  here  because,  in  our 
experience,  the  thyroid  gland,  although  usually  negative  to  the  skin 
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was  stimulated  (at  2.39)  with  all  the  cervical  nerves  intact;  and  figure 
2  B,&  record  from  the  same  animal  (at  2.43)  after  the  recurrent  lajyn- 
ge&I  was  cut  The  coaditions  of  stimulation  were  the  same  in  both 
instances.  The  response  was  that  of  a  positive  relation  of  the  gland  to 
■the  indifferent  tracheal  cartilage.  The  operation  has  evidently  not  af- 
fected the  influence  of  impulses  started  in  the  sympathetic  fibres  of 
the  chest. 

Tlie  action  current  of  the  thyroid  persists  also  after  the  influence  of 
the  superior  larjmgeal  nerve  has  been  abolished.  In  figure  2  C  the  ac- 
tion current  of  the  thyroid  is  roistered  od  stimulation  of  the  sympa- 
thetic trunk  in  the  thorax  (at  3.09)  after  severance  of  the  superior  in 
addition  to  the  recurrent  laryngeal.  The  stimulus  was  applied  for  a 
half -minute  just  as  befoije;  the  larger  response  is  probably  not  signifi- 
cant of  a  favorable  effect  of  the  operation,  because,  as  proved  by  other 
instances  in  which  the  same  experiment  was  performed,  the  response 
after  the  nerve  cutting  may  be  slightly  less  than  before. 

A  further  step  in  determining  the  path  of  Uie  impulses  which  cause 
the  electrical  change  is  taken  when  the  cervical  sympathetic  fibres  are 
sectioned,  and  the  thoracic  trunk  is  stimulated.  Figure  2  />  is  a  photo- 
graph of  the  electrical  change  of  the  thyroid  in  the  same  case  from  which 
the  other  records  in  figure  2  iA,  B  and  C)  were  taken,  but  after  the 
cervical  sympathetic  trunk  in  addition  to  the  laryngeal  nerves  had  been 
cut  across.  Obviously  these  operations  have  not  interfered  with  the 
reaction  of  the  gland.  Although  the  reaction  continues  after  the  sym- 
pathetic fibres  have  been  transected  in  the  neck,  excitation  of  these 
fibres  central  to  the  cut  produces  the  characteristic  effect. 

Tie  question  now  arises  as  to  wher^the  relay  between  pregangUonic 
and  postganglionic  fibres  is  situated.  As  already  seen,  two  ganglionic 
masses  are  present  in  the  course  of  the  cat's  cervical  sympathetic — the 
inferior  and  the  superior,  with  occasionally  an  "accessory"  mass  near 
the  superior  thyroid  artery.  That  all  the  fibres  leading  to  the  gland 
do  not  originate  in  the  superior  ganglion  or  ganglia  is  proved  by  figure 
2  />,  for  in  that  instance  the  sympathetic  trunk  had  been  cut  across 
between  the  two  cervical  ganglia.  It  can  be  assumed  therefore  that  in 
the  cat  a  relay  of  some  of  the  fibres  occurs  in  the  inferior  ganglion. 

Evidence  for  a  relay  in  the  superior  region  was  obtained  by  the  nico- 
tine method  of  blocking  impulses  at  sympathetic  synapses  and  also  by 
serial  sectioning  of  the  nerve  from  above  downwards.  In  one  of  the 
experiments  in  which  nicotine  was  used  stimulation  of  the  cervical 
sympathetic  sent  the  galvanometer  from  -|-2  to  —3,  and  thence  out 
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to  +94.  A  pledget  of  cotton  wet  with  1  per  cent  nicotine  was  now  laid 
in  contact  with  the  Buperior  cervical  ganglion.  Eighteen  minutes  later 
the  nictitating  membrane  was  not  withdrawn  when  the  sympathetic 
trunk  was  stimulated,  but  the  galvanometer  was  sent  out  to  +76;  eight 
minutes  later  another  stimulation  for  a  half-^ninute  sent  it  to  +78. 
Now  a  slender  strand  of  cotton  wet  with  the  nicotine  solution  was  laid 
along  the  sympathetic  trunk  from  the  superior  cervical  ganglion  to  a 
point  2  cm.,  below  the  thyroid  cartilage.  After  20  minutes,  stimula- 
tion of  the  cervical  trunk  had  no  effect.  That  this  was  not  due  to  any 
deleterious  effect  of  nicotine  in  the  gland  was  proved  by  exciting  the 
gland  to  activity  by  chemical  stimulation  (in  a  manner  to  be  described 
later),  and  also  by  applying  the  electrodes  to  fibres  on  the  superior 
thyroid  artery  and  finding  that  repeated  stimulation  sent  the  galvanom- 
eter in  the  plus  direction.  In  another  experiment  in  which  the  sym- 
pathetic was  serially  cut,  first  across  the  upper  pole  of  the  superior  cer- 
vical ganglion,  second  across  the  middle,  and  then  crushed  directly  be- 
low the  gai^lion,  stimulation  of  the  cervical  sympathetic  trunk  still 
persisted  in  causing  marked  action  currents  in  the  thyroid  gland.  The 
sympathetic  trunk  was  now  severed  about  1  cm.  below  the  ganglion, 
and  thereupon  the  electrical  effect  of  stimulation  disappeared.  These 
experiments  indicate  that  in  these  animals  the  upper  relay  region  was 
not  situated  in  the  superior  cervical  ganglion  itfielf ,  for  when  impulses 
to  the  eye  had  been  blocked  in  that  ganglion  by  nicotine  or  the  fibres 
had  been  cut  below  it,  the  electrical  change  in  the  thyroid  still  followed 
excitation  of  the  sympathetic,  llie  impulses  were  shut  off,  however, 
when  the  nerve  was  cut  some  distance  below  the  ganglion  or  when  nico- 
tine was  allowed  to  act  on  that  region,  i.e.,  the  region  in  which  Langley 
found  the  "accessory"  ganglionic  cells  with  a  distribution  of  fibres  to 
the  thyroid.  In  another  instance,  aft«r  nicotine,  applied  to  the  supe- 
rior cervical  ganglion,  had  failed  to  prevent  the  thyroid  action  ciu-rent 
(although  effectively  blocking  nervous  influence  on  the  eye),  a  strong 
carbolic  acid  solution  touched  on  the  superior  thyroid  artery,  in  order 
to  destroy  nervous  conductivity,  quickly  abolished  the  phenomenon. 

After  the  cervical  sympathetic  trunk  has  been  cut  above  the  inferior 
cervical  ganglion  and  a  record  of  the  thyroid  action  current  has  been 
obtained  by  stimulating  the  thoracic  sympathetic  cord  (as  in  figure  2, 
D),  excision  of  the  inferior  cervical  ganglion  abolishes  the  effects  of 
stimulation. 

From  the  foregoing  evidence  we  may  conclude  that  both  in  the  su- 
perior and  in  the  inferior  ganglionic  masses  of  the  cervical  sympathetic, 
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impulses  to -the  thyroid  gland  pass  from  preganglionic  fibres  to  the  out- 
lying neurones. 

The  question  of  vagus  amtrol.  The  pronunence  of  laryngeal  stimula- 
tion in  previous  experiments,  especially  the  experiments  carried  on  in 
the  Bern  Laboratory,  raises  the  question  as  to  whether  the  thyroid 
gland  like  the  submaxillary  of  the  cat,  is  subject  to  control  by  cranial 
as  well  as  by  sympathetic  autonomic  fibres.  To  secure  evidence  on 
this  question,  we  had  to  stimulate  the  vagus  trunk  before  its  union 
with  the  cervical  sympathetic  strand.  And  since  the  vagus  contains 
motor  fibres  to  muscles  of  the  larynx,  which  might  through  their  ccw- 
teictions  aCFect  the  galvanometer,  it  was  necessary  to  use  a  curarized 
preparatioD.  We  decerebrated,  and  then,  in  order  to  avoid  as  far  as 
possible  the  dai^er  of  disturbing  the  gland  cells,  injected  intravenously 
barely  enough  curare  to  abolish  reflexes.  We  bared  the  vagus  at  its 
point  of  emergence  from  the 

'  dnill,  tied  a  thread  about  it 
there,  cut  proximal  to  the 
thread  and  applied  the  stim- 
ulus to  the  nerve  as  close  as 
possible  to  the  thread,  i.e.,         a     6  a 

as  far  as  possible  from  the 

union  of  the  vagus  and  sym-  Fig.  3.  ,4,4.27.    Thyroid  action  current  on 

<L  .-      X  ^L  atimulatioK  for  a  half-minute  the  thoracic 

pathetic  at  the  supenor  cer-      «ord  at  a^Ind  the  nuun  vagus  trunk  at  6.    B, 
vical  ganghon.     We  have  not      4.31.    The  same,  on  atimulating  the  thoracic 
succeeded  in  obtaining  any     cord  alone  at  a. 
evidence  of  any  influence  of  ' 

vagus  impulses  on  the  thyroid  gland.  We  have  stimulated  the  nerve  with 
ihe  gland  at  rest,  and  with  the  action  current  developing  as  a  result  of 
sympathetic  impulses,  and  with  the  action  current  disappearing — but  no 

'  change  was  produced.  Figure  3  ,4  is  a  record  of  the  action  current  of 
the  right  thyroid  as  a  result  of  stimulating  for  a  half-minute  the  right 
thoracic  sympathetic  cord  (at  a).  After  a  latent  period  of  about  25 
seconds  (longer  than  with  ether — probably  due  to  curare  and  a  lowered 
body  temperature),  the  galvanometer  began  to  indicate  the  gland 
negative  to  the  indifi'erent  tissue.  When  the  galvanometer  had  moved 
to  -I- 12,  the  right  vagus  trunk  was  stimulated  for  a  half-minute  with 
the  same  stimulus  (at  b).  The  movement  continued  without  check  to 
+45,  and  was  followed  by  a  slow  return.  That  vagus  stimulation  had 
no  noteworthy  influence,  is  shown  by  comparing  figure  3  A  with  figure 
3  fi,  a  record  taken  three  minutes  after  figure  3  A,  and  registering  the 
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action  current  when  the  thoracic  cord  alone  was  excited  for  a  half- 
minute  (at  a).  The  close  resemblance  of  the  two  records  proves  that 
the  vagus  has  been  neither  an  exciter  nor  an  inhibitor  of  thyroid  activity. 

From  this  evidence  we  may  conclude  that  the  laryngeal  branches  of 
the  vagus  nerve  are  not  secretory  nerves  of  the  thyroid  gland.  And 
the  fact  that  action  currents  of  undiminished  ampUtude  follow  sympa- 
thetic stimulation  after  these  nerves  are  severed  (see  figure  2)  indicates 
that  they  are  not  highly  important  vehicles  for  sympathetic  fibres. 

Pharmacological  evidence.  A  way  of  securing  further  evidence  bear- 
ing on  the  source  of  impulses  affecting  the  thyroid  is  found  in  the  use 
of  drugs  having  specific  effects  on  cranial  autonomic  nerve  endings.  It 
is  well  known  that  pilocarpine  stimulates  viscera  innervated  by  cranial 
autonomic  nerves  and  affects  these  organs  in  such  manner  as  to  mimic 
the  action  of  nerve  impulses.  In  the  case  of  the  submaxillary  gland, 
for  instance,  chorda  impulses  are  commonly  ineffective  if  the  gland  is 
already  responding  to  an  injection  of  pilocarpine  (25).  By  use  of  pilo- 
carpine, therefore,  it  is  possible  to  obtain  deeper  insight  into  the  nature 
of  the  nerve  supply  to  the  thyroid. 

Figure  4  shows  the  lack  of  effect  on  the  thyroid  gland  when  I  cc.  of 
pilocarpine,  1: 1000,  was  injected  (at  a)  intravenously.  This  is  a  dose 
which  in  the  cat  produces  an  abundant  and  longnxintinued  salivary 
secretion,  accompanied,  as  shown  in  the  first  paper  of  this  series,  by  a 
persistent  electrical  change.  But  in  the  thyroid  gland  pilocarpine  does 
not  induce  an  action  current — under  no  circumstances  have  we  ob- 
served consistent  indications  of  an  effect  on  the  thyroid  which  could 
be  ascribed  to  this  drug.  These  results  are  in  accord  with  the  failure 
of  vagus  impulses  to  influence  thyroid  activity;  they  support  the  con- 
clusions from  the  histolc^cal  studies  by  Schmid  (26)  and  by  Osokin 
(27),  and  the  chemical  studies  by  Wiener  (28)  that  pilocarpine  is  wholly 
without  effect  on  the  thyroid;  and  they  are  further  evidence  gainst 
the  opinions  of  Wyss  (29)  and  of  Andeisdon  (30),  based  on  microscopic 
appearances,  that  pilocarpine  produces  changes  in  the  thyroid  similar  to 
those  seen  in  a  secreting  gland.  The  weight  of  evidence,  therefore,  is 
opposed  to  a  cranial  autonomic  supply  to  the  thyroid  gland. 

The  infiuencc  of  anemia  on  thyroid  activity.  In  a  recent  paper  Watts 
(31)  has  reported  that  diminishing  by  mechanical  means  the  blood  sup- 
ply to  one  thyroid  lobe,  periodically  (for  2  seconds  every  10)  during 
approximately  three  hours,  lessens  the  iodine  content  of  that  lobe  rela- 
tive to  the  other.  The  discrepancy  between  the  two  lobes  was  not  so 
great  as  when  a  stimulus  was  applied  to  the  cervical  sympathetic  or 
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to  the  fibres  on  the  superior  thyroid  artery,  but  such  stimulatioD,  it 
was  pointed  out,  would  cause  a  greater  check  to  the  blood  flow  than 
could  be  caused  by  mechanical  compresaion  of  the  arteries.  Watts 
and  Carlson  conclude,  therefore,  that  shutting  down  of  the  blood  supply 
by  vascular  constriction  accounts  for  all  changes  in  the  thyroid  thus 
far  shown  to  be  caused  by  stimulation  of  nerves. 

We  have  put  to  test  the  idea  that  anemia  accounts  for  tiijn-oid  secre- 
tion. In  figures  I  B,2  and  3  the  period  of  stimulation  was  only  a  half- 
minute.  Even  if  the  result  were  a  total  stoppage  of  the  flow  through 
the  gland,  it  would  not  persist  after  stimulation  ceased.  That  com- 
plete anemia  of  the  thyroid  for  a  half-minute  is  practically  without 
effect  is  shown  in  figure  5.    For  two  periods,  at  a  and  at  b,  the  blood 


Elg.  4.    AbMnoe  of  thyroid  action  current  on  injecting  pilocarpine  (I  c 
1: 1000)  at  a. 


.yv. 


Fig.  5.  G&lvftnometric  changea  in  the  same  animal  when  thyroid  completely 
anemic  at  a  and  at  6  (a  half-minute  each)  and  when  stimulated  (thoracic  cord)  a 
half-minute,  at  e. 

supply  to  the  gland  was  entirely  excluded.  This  was  done  by  first 
tying  the  left  carotid  artery  low  in  the  neck,  and  then,  at  a  and  at  b, 
occluding  the  right  carotid.  It  was  impossible  to  avoid  a  slight  amount 
of  disturbance  from  manipulation,  which  would  account  for  the  uneven 
line  of  record.  The  effect  of  this  procedure  is  to  be  compared  with  the 
effect  of  stimulating  for  a  balf-^ninute  the  thoracic  sympathetic  cord  in 
the  same  animal,  at  c.  Obviously  nerve  stimulation  has  an  infiuence 
on  the  thyroid  very  different  from  anemia. 

Discussion  of  the  evidence  for  thyroid  injiervalion.  The  observations 
presented  in  the  foregoing  pages  are  concerned  mainly  with  three  ques- 
tions: (1)  the  nature  of  the  innervation  of  the  thyroid  gland,  (2)  the 
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mode  of  artioD  of  tbe  nerve  impolses  vbetber  directly  secretory  or  not, 
and  (3)  tbe  diat»cter  of  the  {wocees  andertying  the  dectrical  change. 

We  believ«  that  the  erideDce  is  now  cMivinctng  that  the  nerree  of  the 
thyroid  are  ezdaanr^  derived  from  the  sympathetie  dtvisioa  of  the 
autoootnic  system.  Tbe  histologists  find  noo-meduUated  fibres  reaeh- 
ing  to  the  base  tji  tbe  fidbcnlar  edis;  tbe  anatomirts  distingaish  only 
verrtcal  ^rn^Mtbetic  ooreB  ait«ii«  the  ^bud;  sympathetie  aectioo 
caoMS  marked  atrophy  ot  the  glasd  structure  whereas  vagus  sectira 
has  no  infloeDce;  synipatbetic  stimulation  gives  rise  to  a  striking  aetioo 
currait.  wbeieas  excitation  of  the  main  vagis  trunk,  aind  exhibition  of 
pilocarpine  as  a  cranial  autonomic  stimulant  are  without  effect.  All 
these  Eicts  ar«  harmonious  in  bearing  testimony  to  an  exchtave  sfympa- 
thetic  roDtnd  of  thyroid  activity.  Tbe  observations  on  the  effects  <tf 
exciting  the  btfyngeal  nerves,  made  by  other  investigattHs,  are  not 
thet^y  rendered  invalid,  but  the  interpretation  placed  upon  them  is 
that  whatever  induatce  these  items  may  have  on  tbyrcHd  function 
e  exerted  by  way  of  sympathetic  fibres  contained  in  them — a  poai- 
bihiy  which,  as  we  have  seen  >jy.  59>.  has  anatomical  jtntificatioD. 

Tbe  qute^tiou  as  to  whether  tbe  nerves  supplied  to  tbe  thyrokl  are 
truly  sectetoty  in  functioa  has  been  raked  for  various  reasons.  Al- 
though regarvliDg  the  ^-mpathetic  ^  the  trophic  and  secretory  oerve  <^ 
the  thyroid.  Wiener  has  argued  ^32'  that  if  sertioB  of  the  sympathetic 
prmhHes  atrophy  of  the  thyntid.  stimubtion  miet  produce  hypotto- 
ph.v,  and  accumahtioo  of  thyrogrlobulin.  This  coociusnn,  bowevo-, 
KS  not  justified.  Section  of  tbe  chonia  tympani.  for  example,  results  hi 
a  gradual  lessening  of  tbe  sue  of  the  subgnaxi'JMy  gland  ;33),  and  yet 
the  mviual  function  of  tbe  nerve  i$  to  nose  a  semtory  dBcharge.  Abo 
Wiener's  argument  is  opfu^ied  by  tbe  lisvovecy  thai  stimulation  of  the 
vvrvical  ^.xtxiivitbetic  trur.k  ai^iux^y  Vk»>bs  tbe  iixiiae  content  of  the 
gl»nd.  The  vi«'W  isf  Wait;:  wd  Cars-oe  that  cyriipaibetic  mir»il«  les- 
w^i  ihv  io^line  c*.«tmt  by  prvxh^-ir^  aaecia  £iif  to  reprd  both  the 
dirpd  nerve  »)it{^)>-  u>  the  giarxl  cvC'f  asd  a£o  the  leBsonaUe  aasomp- 
1tt\n  that  th<w  tttveis  har^  a  t\:r.v'.x-c  anitrt  toe  tbe  fibns  distributed 
to  ltK*i*d  >'vs!Ws;  ami  tunS-rttxyr  :i)eir  v^ew  s  •K<<oeed  by  the  eridenee 
|ww*nttsl  in  ihi?  (v»;vr  ;h;*t  s^TS-x^ci  ;?c:::jt).:*»rtj,-  $;^uIatnB  induces 
a  itmritsl  *cth>u  ^tirrvs-.t  sk  :>.^  :lv\^"'i-  *«"*»^  aaecu*  for  an  eqmvalent 
jy^hsl  Itfn^  fv«h  »»v»  !^';v»vr^>^  cVv^.-vau  .-?.;»::««  whatever.  Pro- 
K'HstvI  »>w»»»  nvv  ir.kxvi  X-s**-.  :>^  xxir*  .-vr-^ct  ot  tbe  thyroid, 
b*H  n^mv  r»v.iy>!»<li\«  *  >»-v!i  vV  sf.r,;-.i .  *3C  =3«r>  becaase,  lor  ex- 
»«^l^^^^   tn>-i!i;s   csn-vK  »v;- \ ",; V.V— *,   -,t  »f  Tv-T  r^.'Ofr  :o  attnbwte  aO 
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convulsions  to  uremia.  The  coDclusioos  of  Watts  and  Carlfion,  there- 
fore, seems  to  us  defective  in  failing  to  regard  important  conditions 
which  afiFect  response.  Still  another  doubt  r^arding  secretory  fibres 
has  recently  been  raised  by  Manley  and  Marine  (34)  who  found  that 
when  thyroid  tissue  is  transplanted  to  various  parts  of  the  body  it 
grows  where  placed,  and  functions  and  reacts  as  a  normal  gland  would 
do.  There  is  no  logical  opposition  to  secretory  nerves  in  these  experi- 
ments. The  adrenal  glands,  for  example,  will  serve  the  routine  needs 
of  the  body  when  their  Becretory  nerves  are  cut,  for  the  animal  lives 
with  the  nerves  transected,  but  he  promptly  dies  if  the  adrenals  are 
removed.  The  capacity  of  an  organ  to  give  service,  as  the  heart  may 
do,  though  separated  from  the  central  nervous  system,  should  not  lead 
to  the  coDclufiion  that  its  nerves  are  without  influence.  This  doubt  of 
the  existence  of  specific  secretory  nerves  to  the  thyroid  has  not,  there- 
fore, any  convincing  significance.  And  like  the  other  suspicions  as  to 
the  reality  of  these  nerves,  this  one  ia  based,  as  we  see  it,  on  a  failure  to 
consider  all  the  evidence. 

A  part  of  the  evidence  for  secretory  nerves  is,  to  be  sure,  first  pre- 
sented in  this  paper.  But  it  is  based  on  the  assumption  that  the  ac- 
tion current  is  a  s^n  of  secretory  activity — and  that  might  be  doubted. 
To  some  d^ree  the  assumption  is  based  on  analogy  with  the  sub- 
maxillary gland.  An  action  current  in  that  gland  is  the  regular  con- 
conoitant  of  secretion,  and  fails  when  secretion  fails.  The  action  cur- 
rent of  the  thyroid  has  a  latent  period  characteristic  of  physioli^cal 
processes,  it  may  outlast  the  period  of  stimulation  by  many  minutes, 
it  appears  after  stimulation  of  sympathetic  fibres — the  filaments  of  which 
are  known  to  be  distributed  to  the  gland  cells — and  all  these  evidences 
indicate  that  the  action  current  ia  a  true  signal  of  physiological  events 
taking  place  in  the  gland  as  a  result  of  nerve  stimulation.  The  concor- 
dant testimony  of  different  invest^tors  that  precisely  the  sort  of 
stimulation  which  provokes  this  process,  will,  if  continued,  result  in  a 
measurable  diminution  of  the  iodine  content  of  the  disturbed  lobe 
affords  clear  proof  that  the  process  signalled  by  the  galvanometer  is 
one  of  secretory  discharge. 


Uistologists  describe  non-medullated  nerve  fibrils  reaching  to  the 
cells  of  the  thyroid  gland.  Anatomists  find  that  fibres  going  to  the 
thyroid  gland  arise  in  cervical  sympathetic  ganglia. 
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One  of  the  most  interesting  possibiliUee  offered  by  the  use  Of  the  ac- 
tion current  as  a  s^  of  glandular  functiooing  is  that  of  testing  assumed 
interrelations  among  the  ductless  glands.  Of  course,  the  effect  of  ac- 
tivity of  one  gland  on  the  activity  of  another  would  have  to  be  accom- 
plished with  reasonable  rapidity  in  order  to  be  demonstrated  by  the 
galvanometer.  It  is  quite  possible  that  the  influence  of  some  glands 
on  others,  such,  hypothetically,  as  that  of  the  ovary  on  the  thyroid, 
might  be  80  gradual  in  its  development  as  not  to  be  re«ogiuxable  by  an 
dectrical  change.  The  conditions  might  be  different  in  other  relations 
in  which  quick  effects  are  produced.  Thus  the  adrenal  glands  are 
known  to  respond  promptly  to  stimulation,  and  their  secretion  is  rap- 
idly influential.  The  thyroid  glands  also  are  capable  of  ready  action, 
as  shown  by  the  brief  latent  period  of  their  response  after  sympathetic 
stimulation.  Consequently  if  the  adrenals  are  capable  of  exciting  the 
thyroid  bodi«<«,  the  effects  should  be  d^noostrable  by  means  of  the 
galvanon)el(<r. 

Because  in  their  experiments  injection  of  adrenin  increased  the  basal 
protein  inetalH>lisin  in  dogs — a  condition  the  same  as  that  seen  in  hy- 
pttrthyroiiliiuii  and  the  opposite  of  that  produced  by  removal  of  the 
thyroiil  glaiulti  -Kpping^>r,  Falta  and  Rudinger  (I)  declared  that  the 
adrenal  luivlulla  prutwbly  exerts  a  stimulating  inSuence  on  the  thy- 
roid gland.  Sin<.<e  stiiinilation  of  sj'mpathetic  fibers  induces  in  the  thy- 
roid glHiid  a  iiiarktHi  eltn'trical  change,  as  the  paper  before  this  one 
dfUionxtrateH,  aiitl  aiiH-e  adrenin  everywhere  in  the  body  duplicates  the 
aetioii  of  MviniMthetie  iiiijiut^ses.  the  suggestion  that  adremn  and  adre- 
nal iHH<n>ti<iii  tiiity  dtiniulHle  thyrvid  iiecn'tion  seems  highly  r 
It  in  It  HiiKK«Mtion  t>H!iily  put  to  tfst. 
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Figure  1  is  the  record  made  by  the  action  current  of  the  thyroid 
irtieii  0.1  cc.  of  adrenalin  (1: 100,000)'  was  injected  (at  a)  intrave- 
noualy.  After  a  latent  period  (which  in  different  instances  varied  from 
about  10  seconds  upwards)  the  galvanometer  was  sent  out  to  +77  and 
at  the  end  of  five  minutes  had  slowly  returned  to  +7,  when  the  drum 
wsB  stopped.  This  result  and  many  Qthers  like  it,  have  proved  clearly 
that  adrenin  has  a  striking  effect  on  the  thyroid  gland. 

In  a  previous  paper  we  have  presented  evidence  that  the  nerve  im- 
pulses delivered  to  the  thyroid  by  sympathetic  fibers  do  not  act  by  les- 
sening the  blood  supply,  but  stimulate  the  gland  cells  directly  (2). 
This  evidence  is  further  supported  by  such  results  as  are  illustrated  in 
figure  1.  The  amount  of  adrenalin  injected  in  that  instance  was  such 
as  to  produce  a  fall  in  blood  pressure  (3) — an  effect  due  to  relaxation 
rather  than  to  contraction  of  the 
arterioles.  We  are  justified,  there- 
fore, on  the  basis  of  this  considera- 
tion in  connection  with  considera- 
tions previously  adduced,  in  draw- 
ii^  the  conclusion  that  the  thyroid 
action  current  evoked  by  small 
doses  of  adrenin  is  an  indication  ^ 
of  secretory  activity.  FiR-  l-  Thyroid  wtion  current  re- 

This  conclusion  accords  with  re-      '""'fK  '"!"  '^.  intravenou.  injection 
,     ,  ,.         I      n_  .  ■      /j\      of  adrenalin  C">-1  «c.,  1:  100,000)  at  a. 

cent  observations  by  Osokm   (4)      ^^^^  ^^^^^  ^^  base  line  here  and  in 
that    adrenin    injections,  produce      other  figures  in  balf-minutes. 
marked  histological  changes  in  the 

cells  of  the  thyroid — changes  which  he  regards  as  of  secretory  rather 
Uian  of  patbolf^cal  character.  It  is  not  in  a^«ement  with  Wiener's 
inference  (5)  that  adrenin  leads  to  a  storage  of  thyroglobulin  in  the 
gland.  But  this  inference  was  based  on  only  two  cases,  and  the  figures 
from  these  cases  are  so  different  as  to  make  hazardous  any  conclusion 

'  During  the  course  of  this  investigation  some  observationa  by  Mr.  D.  L.  Rap- 
port and  one  of  ua  (W.  B.  C.)  led  to  the  discovery  that  stronger  solutions  of  adre- 
nalin («-g.,  1: 10,000)  would  affect  other  than  gland  tissue  and  smooth  muscle. 
Thus  if  the  galvanometer  is  coniiect«d  with  the  inuBcles  of  the  thigh,  an  intra- 
venous injection  of  adrenalin  (0.5  cc,  1:  10.000)  will  cause  the  galvanometer  to 
move  out  continuously  in  the  direction  which  would  be  determined  by  increase 
of  the  compensating  current  (cf.  Cannon  and  Cattell:  This  Journal,  1916,  xli,  pp. 
44,  45.  This  effect  is  not  produced,  however,  by  injectionB  of  small  amounts 
(0.1  to  O.S  cc.)  of  adrenalin  in  dilutions  of  1  to  100,000— amounts,  however,  which 
eKcite  sympathetic  endings. 
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whatever.  The  evidences  from  increase  of  protein  metabolism  after 
adrenin  injection,  from  the  increased  histological  changes  of  thyroid 
cells  after  such  injectioo,  and  from  the  concordance  of  the  action 
currents  produced  by  sympathetic  stimulation  and  by  adrenin,  all 
point  clearly  to  a  direct  secretory  influence  of  adrenin  on  the  thyroid. 
Hie  question  now  arises,  can  the  secretion  of  the  adrenal  glands  call 
forth  an  action  current  from  the  thyroid?  The  well  proved  power  of 
splanchnic  impulses  to  stimulate  secretion  from  the  adrenals  makes 
simple  an  experimental  testing  of  this  question.  Wc  bared  the  splanch- 
nic trunks  low  in  the  thorax,  tied  them  together  tightly  at  the  upper 
end  of  the  bared  portion,  crushed  the  nerves  central  to  the  ligature,  and 
shpped  beneath  them  shielded  electrodes.  Also  a  bit  of  twine  was 
looped  around  the  inferior  vena  cava,  close  to  its  entrance  into  tbe 
thorax,  so  that  by  a  shght  pull  the  blood  could  be  prevented  from  re- 


A  B  C 

Fig.  2.  A,  3.34.  Thyroid  Action  cuirent  reaulting  from  Bpluiehaic  stimula- 
tion, 35  seconds.  B,  3.42.  The  same,  except  thst  return  of  blood  through  the 
inferior  cavs  was  prevented  from  the  beginning  of  stimulation  (30  seconds)' until 
a  minute  later  (at  x).  C,  3.55.  Thyroid  action  current  on  releasing  blood  from 
abdominal  vena  eava  after  restraining  it  one  minute. 

turning  through  this  vein  to  the  heart.  Now  with  the  leading-off  elec- 
trodes in  place  on  the  thyroid  gland  and  on  neighboring  subcutaneous 
connective  tissue,  and  the  galvanometer  at  zero,  the  splanchnic  fibers 
below  the  ligature  were  stimulated  by  means  of  a  weak  induced  cur- 
rent. The  record  of  such  an  experiment  is  shown  in  figure  2.  The 
record  in  figure  2  A  \s  that  resulting  when  the  splanchnic  nerves  were 
stimulated  (at  3.34)  with  a  weak  tetanizing  current  for  35  seconds. 
The  latent  period  was  about  23  seconds  from  the  beginning  of  stimula- 
tion. In  figure  2  B  (3.42)  the  nerves  were  stimulated  just  as  they 
were  in  the  case  of  A,  but  blood  was  prevented  from  returning  from 
the  abdomen  through  the  inferior  vena  cava  by  a  pull  on  the  loop  about 
the  vessel.  This  tension  was  maintained  for  a  full  minute  after  the 
start  of  stimulation.  The  thyroid  action  currenj;  instead  ofappearing 
about  23  seconds  after  the  stimulus  was  applied  to  the  nerves  (as  in  A), 
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did  not  appear  until  tlie  loop  about  the  inferior  cava  was  released  (at 
z) — more  than  a  minute  after  excitation  was  commenced.  In  all  prob- 
ability the  higher  rise  in  B  (to  +45)  compared  with  that  in  ^4  (to  +30) 
is  due  to  the  action  of  some  substance  accumulated  during  the  damming 
back  of  the  blood  in  the  abdomen.  That  retention  of  blood  in  the 
veins  of  the  abdomen  does  not  by  itself  produce  the  effects  seen  after 
splanchnic  stimulation  is  shown  by  figure  2  C.  In  this  instance  the 
loop  about  the  inferior  cava  was  pulled  upon  for  a  minute  (3.55),  and 
then  the  accumulated  blood  was  released.  During  the  next  minute 
the  galvanometer  moved  slowly  out  to  +22,  and  then  slowly  back  to 
zero.  The  rise  is  only  half  as  high  as  it  was  In  B,  when  the  same  pro- 
cedure was  followed,  but  without  stimulation  of  the  splanchnics- 
Furthermore  the  maximum  effects 
were  reached  nearly  thirty  seconds 
later  in  C  than  in  B. 

Splanchnic  impulses  may  affect  ^^^^^^^^^^  ^^^^^^^" 
liver  and  pancre&s  as  well  as  the  A.  B 

adrenal  glands.  Discrimination  of  'Fig.  3.  A,  5.16.  Thyroid  ftction 
possible  influences  from  these  vari-  o»"Teiit  following  BpUnchnic  Btimula- 
OUB  sources  is  desirable.  This  can  "<»».  »  seoonda  B,  5.33.  Ab«mce 
,       J  .  -■        .L        —    .       -      oi    electncftl    effect  on    Btunulatutg 

be   done  by    notmg  the  effect    of      (f„  «,  seconds)  the  splancimicB  after 
splanchnic  stimulation  before  and      removal  of  the  adrenal  glands, 
after  removal  of  the  adrenals.     In 

figure  3  A  is  shown  the  record  of  a  thyroid  action  current  resulting  from 
the  stimulation  of  the  splanchnic  nerves  (at  5.16).  The  galvanometer 
moved  to  +18  and  to  +29  and  returned  to  +5.  The  adrenal  glands 
were  then  carefully  removed  and  thereupon  the  splanchnics  were 
stimulated  again  (at  5.33)  for  one  minute.  The  only  effect  was  a  wan- 
dering of  the  galvanometer  from  0  to  —4,  back  to  0,  and  to  +4,  as 
shown  in  figure  3  B.  Subsequent  injection  of  adrenalin  in  this  instance 
induced  a  characteristic  electrical  change. 

From  the  evidence  illustrated  above  we  are  justified  in  concluding 
that  the  amount  of  adrenal  secretion  liberated  by  splanchnic  stimula- 
tion is  sufficient  to  excite  the  thyroid  gland  in  a  manner  similar  to  its 
excitation  by  sympathetic  impulses  and  by  adrenin  injections.  Ob- 
viously the  efficiency  of  sympathetic  impulses  in  provoking  activity  of 
the  thyroid  might  be  greatly  augmented  by  the  simultaneous  secre- 
tion of  the  adrenal  glands.  It  is  significant,  therefore,  that  both  the 
thyroids  and  the  adrenals  would  be  simultaneously  stimulated  by  the 
diffusely  distributed  impulses  of  sympathetic  neurons. 
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la  ui  earlier  ptper  (6)  attmtkio  has  been  called  to  tibe  cmergacy 
fuDCtion  of  tite  adrenal  glands  in  tunes  of  emotional  sties,  as  distin- 
fui^ted  from  a  routine  functioQ.  Tbe  thyrotd.  likevise,  doobtlen  has 
a  rooiioe  functioa — one  that  serres  to  keep  meCabolion  oonnal.  lliat 
fiUK-iiivn  can  probabhr  not  be  invcsiigaled  by  efertneal  methods.  Be- 
cause lite  ijand  ts  subject  to  sympatbetie  impulses,  however,  and  be- 
caufv  it  resftoods  to  stimubtioa  with  great  protapOieaB,  probaUy  it 
alfo  ha$  aa  vtntTgeiicjr  funrtion — ooe  that  is  egjtised  pvtiealarly  in 
tjmef  of  esioiioaal  msi&.  It  may  be  that  such  an  taaetffney  function 
is  aa  eiragjKTitfd  (arm  of  the  routine  activity  of  the  ^ands,  but  tbe 
dftersiuiioii  of  these  f«u:pe£3ions  mofi  be  Wt  to  fmare  researdies. 


lr,^etni>-«  ci  saxtaS  oases  of  »drwia.Mn  0.1  to  0.2  «c..  1:100,000) 
CTV^K  in  the  cat  aa  actMn  cnrmt  of  the  ilyroid  ^md. 

^im'^ii<M  of  the  ^TtUiich&ir  nerves  pty^cHapally  sefianded  from 
lihe  inrairaJ  bwvmis  ^r3«a  Etewise  evokes  aa  anicm  canrcnt  of  the 
lirrvi*:  |:land-  Tliis  electiva]  dian$e  does  not  oonir  if  the  retnm  of 
hKv»d  frfao  the  aSdom«  is  preretifti,  bat  tates  juaoe  pnmiptJy  Then 
tiie  ;<n:t  hln>d  is  released.  Tbe  <iiMi^  *iso  fiois  to  sppev  after 
^lau.-V.TiJc  ^liTau'iaTi;^  if  tbe  &i;«n^  fU&ztds  b&ve  been  ptrvioody 

".     F.JT.v.-.m  FiUTJi  nvr  Rmiv.^FS,  Zprisir-lr.  J  kirt  Mnd..  3flK.  Irti.  2S.  S. 

'C    Cixvfiv  oo-dmaa-  This  Jnunui;   :;f')fi  vh  » 

■-"    Oixvov  iivr  liii>.y:  TIib.  Jnonui:    Zf-::-^  i3n   »=    Uaxaux:  Bmi^  WIS, 

4    «Vrtvix    KassA.*  Vt».-V.    lio^,  kt,  .Wl 
.?    »ivxTv    Arrh  i  rvncT  P*;*.  n  PnfcTw.,  :«!«.  :k.,  K.'t- 
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During  the  past  three  years  the  relation  of  various  endocrine  glands 
to  the  ^mpathetic  nervous  system  has  beea  under  investigation  in 
this  Laboratory.  That  a  relationship  of  this  nature  exists  has  been 
widely  assumed.  In  view  of  the  fact  that  the  hormones  of  the  body 
and  the  autonomic  nervous  system  in  general  influence  the  same  sort 
of  functions — the  so-called  v^etative  processes — the  assumption 
is  not  at  all  improbable.  On  the  other  hand  clean  cut  evidence  of 
specific  relationships  between  the  endocrine  system  and  either  the  sym- 
[>athetic8  or  parasympathetics  is  comparatively  meagre.  Particularly 
is  this  true  in  regard  to  the  pancreas. 

Nevertheless  an  important  influence  of  the  pancreas  upon  the 
sympathetic  system  has  been  asserted  by  the  proponents  of  the  "Wech- 
selwirkung"  theory  of  endocrine  physiolt^y.  This  assumption,  in 
fact,  forms  one  of  the  basic  principles.  Although  the  theory  has  largely 
collapsed  of  its  own  weight  its  occasional  reappearance  in  supposedly 
authoritative  clinical  literature  warrants  some  further  attention  to 
it  (1). 

The  evidence  most  frequently  cited  of  a  relationship  between  the 
pancreas  and  the  sympathetic  system  was  recorded  by  Loewi  in  1907 
(2).  After  pancreatectomy  both  in  cats  and  dogs  it  was  observed 
that  adrenin  dropped  into  the  conjunctival  sac  caused  a  dilatation  of 
the  pupil — a  phenomenon  that  does  not  occur  in  the  normal  animal. 
The  conclusion  was  drawn  that  the  removal  of  the  pancreas  had  caused 
augmented  irritability  of  the  sympathetic  system,  hence  the  pancreas 
normally  has  the  function  of  depressing  the  sympathetics.  Loewi  fur- 
ther observed  a  similar  mydriatic  effect  in  10  of  18  cases  when  adrenin 
was  applied  to  the  eyes  of  patients  suffering  from  diabetes  mellitus.  In 
subsequent  dUnical  literature  this  phenomenon  is  frequently  referred 
to  as  the  "Loewi  reaction."  The  observation  was  soon  confirmed 
by  Biedl  and  Offer  (3).  Falta  (4)  observed  adrenin  mydriaaiB  in  15  of 
79 
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.'i'l  (^ait«i  if  Hiabfttfts.  Othiw  ohser^ws,  howevw.  have  had  leas  satttm. 
f'.rirtin  i'ii  in  11  caaes  fnimd  only  3  poHUive.  Birtorf  (Q)  was  able  to 
ri^tain  r,hft  rr>a<-.tinn  onlyCwicein  10  cases  ajid  in  eackof  duoetbepatieDt 
was  morihiinrf,  Pratt  (Tj  found  the  rescdDn  n^Mive  in  three  dap 
with  fixtTftme  atrophy  of  che  panereae  and  in  a  owe  of  httman  (fiftbetes. 
!^fi  far  M  we  are  awan;  obssratioas  o£  this  aort  ccHistitate  the  ooly 
<»vifien<!(»  in  favor  of  Loewi'a  thetwy.  The  inconostHicy-  of  the  phe- 
nomenon detracts  from  ita  sipiificanee,  evoi  granting  the  validhj  of 
the  reaHonint^  by  whkh  the  theory  was  deduced. 

That  the  deduction  is  valid,  howevn,  is  opei  to  qqestiim.  The  odIj 
(•ondirion  in  the  sympathetic  ayscem  diat  is  known  to  eaose  an  sog- 
mented  adrenin  reartion  is  peripheral  deqenemtion.  Elliott  (S).  liclit- 
wita  and  Hirwih  C^ij  and  Biedl  f  10)  have  obewved  that  mbay  the  syta- 
(mrhfttic  fibers  to  an  or^an  are  destroyed  the  responses  to  adrenia 
in  that  origan  are  materially  tnereased.  In  view  of  this  fact  Loewi's 
observation  ah  evidence  is  eqaivDcal.  One  might  eqoalty  well  c(»iclade 
that  adrenin  mydriasia,  foQowing  poocreateetany  is  doe  to  defwesBton 
ftf  the  sympathetic  system  or  to  a  pwipheral  atrophy  <rf  ^fi^iathetie 
fil-.er4.  Indeed  such  an  explanatios  has  been  tiered  to  account  for 
the  Klycoeiiria  following  pancreatectomy  (U).  On  the  whole  it  woald 
seem  to  be  an  open  question  whether  the  pancreas  has  any  specific 
relationship  to  the  sympathetic  nervous  sy^em. 

fn  the  hope  of  obtaining  more  satisfactc^  evidoice  on  the  point 
the  experiments  herein  described  were  und^takm.  As  a  typical 
rrimponent  of  the  sympathetic  the  vasomotor  system  was  selected 
M  tif«t  adapted  to  quantitative  study. 

T*.chniqtu.  In  all  the  experiments  dogs  were  used  as  sobjeets. 
V.thcT  anPHthesia  waa  employed  throughout.  By  the  technique  de- 
iicnl>ed  in  previous  papers  of  the  series  (12)  the  blood  [wessure and  the 
reartjonfl  \n  standard  dnaea  of  adrenin  and  nicotine  were  determined. 
These  TRaf^tions  afforded  an  index  of  the  irritability  of  the  peri[rfieral 
and  rf^nrral  and  nanKl ionic  portions  of  the  vasomotor  apparatus  re- 
dfcctivfly  n.'i).  The  dnj^a  were  administered  intravenously.  Afta' 
the  <\f^irf(\  rrrorils  w^re  obtained  the  vessels  were  ligated  and  the 
irifiwioris  clfwed. 

Then  the  pancrfafl  wiw  exposed  through  an  incision,  eith^  in  the 
rrx-riinn  line  or  alifiiit  .1  cm.  to  the  right  of  this.  The  technique  (rf' 
[Hiiirn-iit/Tf/iniy  in  the  Hog  has  often  been  described  and  needs  no 
fttrtliiT  diMfiission  HI).  The  only  points  that  seem  worthy  of  cm- 
IiliiimN  Ml-  two;  Minor  hem.irrhagra  .should  be  ignored  or  stopped  with 
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hot  oompresaes;  much  time  can  be  lost  in  needlessly  ligatiog  smaller 
Tessdls.  Also  the  paocreatic  ducts  should  be  identified  and  ligated 
to  prevent  a  possible  escape  of  intestinal  contents.  The  glands  were 
ranoved  completely  except  for  an  occasional  small  tag  of  tissue.  A 
profuse  glycosuria  as  well  as  emaciation  in  several  of  the  dogs  that  were 
tested  showed  that  a  severe  grade  of  pancreatic  deficiency  had  been 
produced.  The  incisions  were  closed  in  three  layers  and  protected  with 
abdcHninal  bandages.  Comparatively  little  trouble  with  infection 
was  experienced. 

At  different  intervals  from  3  to  22  days  the  blood  pressure  and 
adrenin  and  nicotine  reactions  were  again  recorded.  In  most  instances 
two  or  three  determinations  after  the  initial  one  were  made  on  each 


Rendu.  The  outcome  of  the  experiments  as  a  whole  was  somewhat 
difficult  to  interpret.  The  most  striking  feature  was  an  unusual  varia- 
bility in  the  reactions  to  nicotine.  In  this  type  of  investigation  two 
precautions  are  essential  to  insure  constancy  of  vasomotor  response: 
the  anesthesia  must  be  held  at  a  fairly  uniform  depth  and  the  drugs 
must  be  injected  at  the  same  rate  each  time.  But  with  the  most 
careful  attention  to  these  points  rather  marked  variability  could  not 
be  avoided.  The  general  trend  of  the  series,  however,  is  exemplified 
in  the  following  protocol : 

March  tS,  1916.  Dog  sneathetiied  with  ether.  Coimulas  ioaerted  in  right 
femorsl  tut«iy  and  vein.  Blood  presaure  and  reactions  to  adrenin  1  cc,  2  cc. 
(1: 100,000)  and  nicotine  2  cc,  3  cc,  4  cc.  (1:  4000)  determined.  Pancreas  re- 
moved.   Operation  and  recovery  from  anesthesia  uneventful. 

March  t8.  Cannulas  inserted  in  left  femoral  artery  and  vein.  Blood  pr«s- 
Bore  and  reactions  to  adrenin  and  nicotine  taken  as  before. 

March  t9.    Same  procedures  as  March  28. 

RetvlU.     {PreatoT  retutiont  to  drugt) 
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In  moet  cases  the  adrenin  reaction  was  augmented — sometimes  50 
per  cent  but  occasionally  it  was  unaffected  or  even  slightly  reduced. 
This  variability  of  result  corresponds  with  that  reported  when  adrenin 
is  applied  to  tiie  conjunctiva  except  that  augmentation  of  the  pressor 
reaction  is  somewhat  more  frequent. 

As  to  the  nicotine  reaction  it  is  difficult  to  come  to  any  concluaou 
as  to  magnitude  on  account  of  tiie  variability  encountered.  When 
the  proper  precautions  are  taken  a  normal  dog  will  give  essentially 
the  same  response  to  a  given  small  dose  of  nicotine  several  times  in 


Fig.  1.  Two  successive  vasomotor  reactioDS  to  intravenous  injections  of  nico- 
tine 3  ec,  1:  4000.    Interval,  5  minutes. 

succession.  After  pancreas  extirpation,  however,  no  such  constant^ 
obtains.  For  instance  note  the  reactions  to  two  successive  doses  of 
nicotine  shown  in  the  accompanying  figure.  Our  first  interpretation 
of  the  phenomenon  was  that  in  the  weakened  condition  of  the  animal 
its  sympathetic  motor  neurons  were  especially  susceptible  to  deleterious 
influences  and  were  quickly  depressed  by  the  nicotine.  With  further 
experience,  however,  it  was  learned  that  the  variabiUty  might  go  in 
either  direction;  sometimes  the  first  and  sometimes  the  second  reaction 
was  greater.     As  nearly  as  could  be  judged  under  these  circumstances 
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the  effect  of  the  operation  was  on  the  whole  to  depress  the  nicotine 
-reaction. 

The  blood  pressure  was  either  practically  unaffected  by  the  pan- 
createctomy or  somewhat  reduced.  In  only  one  instance  was  any  aug- 
mentation noted.  The  pressure  seemed  to  depend  upon  the  general 
vitality  of  the  animal  rather  than  on  any  changes  in  irritability  of  the 
vasomotor  apparatus. 

Discussion.  The  outcome  of  the  experiments  is  not  without  signifi- 
cance in  its  bearing  on  Loewi's  theory.  So  far  as  pupillary  diameter 
is  conceiBed  one  has  no  way  of  judging  what  it  would  have  been  bad 
the  pancreas  not  been  extirpated.  The  augmented  reaction  might 
conceivably  in  itself  amount  to  over  activity  of  the  sympathetic  sys- 
tem as  Loewi  and  others  have  supposed  (15).  This  might  be  true 
even  thouj^  the  sympathetic  neurons  were  functioning  merely  to  a 
normal  extent  because  a  given  stimulus  acting  through  a  hjrperexcitable 
effector  would  cause  an  augmented  functioniog  of  the  given  oi^n. 
As  a  matter  of  fact  the  proponenta  of  the  theory  assumed  that  sym- 
pathetic functioning  is  normally  due  to  stimulation  by  circulating 
adrenin — a  theory  no  longer  tenable  (16).  This  is  not,  however, 
an  assumption  necessary  to  the  theory  if  it  be  a  fact  that  normal  sym- 
pathetic impulses  are  transmitted  through  the  medium  of  the  same 
neuTOcellular  receptive  substance  as  that  involved  in  reactions  to  ad- 
renin. We  are  aware,  however,  of  little  specific  evidence  on  this  point. 
But  in  any  case,  our  results  indicate  that  the  theory  under  discussion 
is  untenable.  There  is  no  correlation  between  actual  blood  pressure 
and  the  augmented  reaction  to  adrenin  followii^  pancreatectomy. 
The  pressure  is  either  unaffected  or  reduced.  In  no  instance  did  we 
note  any  evidence  of  a  true  "sympathticotonie." 

In  connection  with  the  observed  instability  of  the  reaction — due 
supposedly  to  variations  in  the  irritability  of  the  sympathetic  motor 
neurons  we  are  reminded  of  certain  observations  made  by  Carlson 
.  (17).  This  investigator  found  that  waves  of  augmented  irritability 
sweep  over  the  nervous  system  during  gastric  hunger  contractions. 
Luckhardt's  (18)  observation  that  hunger  contractions  after  pancre- 
atectomy are  greatly  augmented  would  seem  to  add  some  weight,  to 
the  suggestion  that  both  Carlson  and  we  have  encountered  the  same 
phenomenon.  One  of  the  most  marked  instances  of  variability  in  re- 
action was  observed,  however,  in  a  dog  which  had  considerable  food 
in  its  stomach — when  hunger  was  supposedly  in  abeyance. 

Summary  and   conclusion.     After  pancreatectomy  in  the  dog   the 
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blood  pressure  remains  either  normal  or  somewhat  depressed.  The 
reactions  to  standard  injectioDS  of  adren  n  are  usually  augmented. 
The  reactions  to  nicotine  become  markedly  variable,  at  times  aug- 
mented, but  in  general  depressed.  Tbe  observations  do  not  support 
the  theory  that  the  pancreas  normally  exerts  a  depressing  influence  upoD 
the  sympathetic  nervous  sys'.em. 
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So  far  as  we  have  been  able  to  learn  no  serious  attempt  has  been 
made  to  locate  the  vasomotor  center  since  the  work  of  Dittmar  in 
1873  {!).  It  is  known  that  when  the  brain  stem  is  gradually  sliced 
away  from  above  downward  no  effect  on  blood  pressure  is  produced 
until  the  middle  of  the  pons  is  reached,  when  the  blood  presetu-e  begins 
to  fall.  When  the  sections  pass  through  the  upper  part  of  the  medulla 
the  blood  pressure  falls  to  its  lowest  level,  a  level  which  is  not  aGFected 
by  subsequent  section.  This  experiment  according  to  the  generally 
accepted  teaching,  indicates  the  location  of  a  vasoconstrictor  center, 
which  is  responsible  for  the  maintenance  of  blood  pressure,  in  the  lower 
part  of  the  pons. 

In  recent  years  our  knowledge  of  the  vasomotor  reflexes  has  been 
greatly  extended  by  numerous  researches  which  have  dealt  with  the 
changes  produced  in  the  caliber  of  the  blood  vessels  by  the  stimulation 
of  various  sensory  nerves.  In  spite  of  all  this  work  on  the  vasomotor 
reflexes  little  has  been  done  to  clear  up  our  conception  of  the  reflex 
arcs  involved. 

In  connection  with  the  more  recent  detailed  studies  of  the  vaso- 
motor reflexes  evidence  has  been  presented  to  show  that  there  is  prob- 
ably a  vasodilator  center  more  or  less  separate  from  the  vasoconstrictor 
center  (2).  Porter  (3)  goes  so  far  as  to  say  that  there  is  a  vasotonic 
center  which  is  distinct  from  the  vasoconstrictor  center.  It  would 
seem  that  there  may  be  as  many  as  three  vasomotor  centers  and  the 
question  of  their  location  and  interrelation  is  the  fundamental  prob- 
lem in  this  field  of  physiological  research. 

We  wish  to  record  very  briefly  by  way  of  a  preliminary  communica- 
tion, the  results  which  we  have  obtained  by  direct  stimulation  of  the 
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floor  of  the  fourth  ventricle.  (4)  These  results  suggest  many  interesting 
problems  which  must  be  investigated  before  they  can  be  properly 
interpreted,  yet  the  facts  in  themselves  seem  sufficiently  interesting 
to  merit  a  short  report. 

Id  six  cats  after  ligation  of  the  carotids  the  skull  over  the  cerebelliini 
was  opened  and  the  cerebellum  removed,  exposing  the  entire  floor  of 
the  fourth  ventricle  from  the  aqueductus  cerebi  to  the  obex.  The  cats 
lost  relatively  little  blood  and  showed  do  signs  of  shock,  the  blood 
pressure  at  the  end  of  the  opera- 
tion being  practicallynormal,  vary- 
ing from  100  to  160.  HemostasiB 
was  perfect  and  the  floor  of  the 
.  .Xs  ventricle  was  easily  kept  dry  and 
clean.  The  stimulus  was  applied 
•cf.  through  a  Deedle  electrode.  Tie 
second  wire  was  attached  to  a 
piece  of  gauze  moistened  in  nor- 
mal salt  solution  and  sewed  under 
the  sk'Ji  of  the  cheek.  The  source 
of  the  current  was  a  Stoelting  in- 
ductorium  No.  7090  through  the 
primary  of  which  a  half  ampere 
current  was  passed.  This  instru- 
ment has  been  roughly  standard- 
ized by  previous  physiolc^cal  ex- 
Fig.  1.  DiagTftm  of  the  floor  of  the  periments.  With  a  half  ampere 
lourth  veDtricle  of  the  eat.  J.*.,  fovea  current  passing  through  the  pri- 
Buperior;  c./.,  colliculus  faoialia;  /.i.,  mary  and  with  the  secondary  coil 
fovea  inferior;  c,  clava;^p.,  depreasor  ^j  jg  ^  deUvera  through  standard 
platiniuu  electrodes  a  stimulus  just 
sufficient  to  produce  a  typical  de- 
pressor reflex  from  the  sciatic  nerve.  The  coU  must  be  moved  up  to  5 
to  produce  from  the  sciatica  the  maximum  pressor  reflex.  In  these 
experiments  we  worked  with  the  secondary  coil  at  positions  varying 
from  15  to  10,  that  is  to  say  with  weak  stimuU  which  if  applied  to  the 
sciatic  through  standard  platinum  electrodes  would  produce  a  drop  in 
blood  pressure. 

On  going  over  the  floor  of  the  fourth  ventricle  point  by  point  with 
the  needle  electrode  we  found  that  there  were  two  points  which  re- 
sponded to  this  stimulation  by  producing  marked  changes  in  blood  pres- 


,  tuberculum  cine- 
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sure.  The  first  of  these  is  the  apex  of  the  aU  ciiiera  or  the  fovea  in- 
ferior, figure  1.  When  the  electrode  ia  applied  to  this  poiot  a  marked 
rise  in  blood  pressure  occurs,  often  as  much  as  40  mm.  Hg.,  figure  2. 
This  response  may  or  may  not  be  accompanied  by  respiratory  inhibi- 
tion, excessive  respiration,  cardioinhibition  or  slight  movements  of 
the  head  according  to  the  stage  of  anaesthesia  and  other  variable  factors. 
The  rise  of  blood  pressure  is  characteristic  and  specific.  This  pressor 
point,  as  we  shall  call  it  until  we  know  more  about  its  real  nature,  does 
not  seem  to.  be  more  than  a  roilliroeter  in  diameter  but  is  readily  lo- 
cated because  the  ala  cinerea  and  fovea  inferior  are  both  readily 
distinguished. 

The  second  spot,  which  we  shall  call  the  depressor  point,  is  located 
in  the  area  poatrema  just  lateral  to  the  obex.  The  needle  is  inserted 
under  the  clava  just  lateral  to  the  obex,  figure  1  d.p.  There  is  no 
sharply  defined  anatomical  demarcation  of  this  as  was  the  case  with 
the  pressor  point  and  some  experience  is  required  before  one  can  locate 
it  with  regularity  and  ease.  It  also  seems  to  be  relatively  small  and 
sharply  localized.  Stimulation  here  causes  a  marked  drop  in  blood 
pressure  often  amounting  to  35  mm.  Hg.,  figure  2. 

We  have  sometimes  obtained  a  rise  in  blood  pressure  from  stimulation 

in  the  r^on  of  the  facial  colliculus,  i.e.,  in  the  neighborhood  of  Dit- 

.  mar's  vasoconstrictor  center,  and  we  have  also  obtained  a  good  pressor 

curve  from  stimulation  of  the  tractus  spinalis  of  the  trigeminal  nerve, 

i.e.,  the  tuberculum  cinereum  on  the  dorsolateral  aspect  of  the  medulla. 

The  most  characteristic  and  consistent  reactions  are  obtained  from 
the  pressor  and  depressor  points.  These  are  located  not  more  than 
3  mm.  apart  and  the  same  strength  of  stimulus,  which  applied  to  the 
one  sends  the  blood  pressure  up  30  to  40  mm.,  when  applied  to  the 
other  sends  the  blood  pressure  down  to  25  to  30  mm.  These  reactions 
closely  simulate  true  pressor  and  depressor  reactions. 

Aside  from  these  two  points  and  the  region  of  the  facial  coUiculus, 
which  gives  somewhat  inconstant  pressor  reactions,  we  could  find  do 
part  of  the  floor  of  the  fourth  ventricle  which  would  give  vasomotor 
reactions  with  the  weak  stimuU  used  throughout  these  experiments. 
Stronger  stimuU  were  not  used  as  it  was  felt  that  results  obtained  with 
them  would  not  be  reliable. 

The  same  results  were  obtained  with  the  vagi  cut  as  with  them  intact, 
and  under  curare  and  ether  as  with  ether  alone,  except  that  curare 
tends  to  decrease  the  drop  obtained  from  the  depressor  point.  In  one 
«at  under  curare,  however,  a  marked  drop  was  obtained.    It  will  be 
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remembered  that  curare  has  the  effect  of  diminishiiig  or  obliterating 
the  depressor  reactions  'obtained  from  stimulating  afferent  nerves  ex~ 
cept  in  the  case  of  the  depressor  nerve.  The  effect  of  the  drug  on  the 
depressor  point  is  therefore  in  line  with  what  is  known  of  its  action 
in  general. 

All  six  cats  gave  the  same  results:  rise  of  blood  pressure  from  the 
pressor  point,  and  fall  in  blood  pressure  from  the  depressor  point. 
The  rise  and  fall  were  always  of  considerable  magnitude. 

It  would  seem  that  there  are  two  possibilities  in  r^ard  to  the  nature 
of  the  points  which  have  been  found  to  yield  vasomotor  reactions  on 
stimulation.  It  is  quite  possible  that  they  may  represent  the  central 
connections  or  receptive  nuclei  of  afferent  vasomotor  fibers.  Id  that 
case  they  represent  a  part  of  the  afferent  Umb  of  the  corresponding 
reflex  arc.  This  is  almost  certainly  the  interpretation  to  be  placed 
on  the  reactions  obtained  from-  the  tractus  spinalis  trigemini,  which  is 
the  direct  upward  continuation  of  the  tract  of  Lissauer,  which  serves 
Bfl  the  afferent  path  for  pressor  impulses  in  the  spinal  cord  (5). 

It  is  quite  possible  that  the  same  interpretation  applies  to  the  pressor 
and  depressor  points  which  have  just  been  described.  The  pressor 
point  may  represent  the  termination  of  the  afferent  pressor  fibers  of 
the  vagus  and  the  depressor  point  the  termination  of  the  afferent 
depressor  fibers  of  the  vagus,  since  both  of  these  points  are  closely  re- 
lated to  the  known  nuclei  of  the  vagus  nerve.  The  responses  which 
were  sometimes  obtained  from  the  r^on  of  the  facial  colliculus  may 
have  come  from  a  stimulation  of  the  main  sensory  nucleus  of  the  tri- 
geminal nerve  which  is  not  far  distant. 

On  the  other  hand  it  seems  possible  that  the  depressor  point  may  be 
a  true  vasodilator  center,  the  pressor  point  a  true  vasoconstrictor  cen- 
ter. In  this  case  it  would  seem  probable  that  there  was  also  a  vaso- 
tonic center  in  the  region  of  the  facial  coUiculus  which  was  also  capable 
of  responding  to  direct  stimulation  but  in  a  less  characteristic  manner 
than  does  the  pressor  point. 

It  is  clear  that  the  electrical  stimulation  of  the  floor  of  the  fourth 
ventricle  offers  a  rich  field  for  the  investigation  of  vasomotor  reactions. 
Irrespective  of  the  interpretation,  which  in  the  light  of  future  researches 
is  finally  placed  on  the  pressor  and  depressor  points,  a  careful  analysis 
of  the  reactions  obtained  from  stimulating  these  points  will  throw  con- 
siderable Ught  on  the  whole  question  of  the  vasomotor  reflexes. 
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In  1897  Biedl  (1)  observed  that  the  stimulation  of  the  splanchnic 
nerve  produces  a  vasodilatation  in  the  suprarenal  bodies,  and,  al- 
thoi^  unable  at  that  time  to  detect  vasocooBtrictor  fibers,  the  exist- 
ence of  fibers  of  this  kind  was  inferred  from  the  changes  which  result 
if  adrenalin  is  injected  directly  into  this  oi^n.  Moreover,  a  quanti- 
tative determination  of  the  adrenal  secretion  made  it  appear  highly 
probable  that  its  formation  and  discharge  into  the  venous  current, 
is  subject  to  the  control  of  the  nervous  system,  the  splanchnic  nerves 
being  the  secretory  and  vasomotor  pathways  of  these  glands.  A  year 
later  Dreyer  (2)  succeeded  in  proving  the  existence  of  the  vasoconstrictor 
mechanism  in  a  more  convincing  manner  and  also  showed  that  the  stimu- 
lation of  the  splanchnic  fibers  leads  to  a  liberation  of  adrenal  substance 
which  is  quite  independent  of  the  alterations  in  the  vascularity  of 
these  glands. 

Since  the  publication  of  theae  papers  the  existence  of  secretory 
nerves  to  the  adrenals  has  been  established  with  much  greater  definite- 
ness  by  Ascher  (3),  Cannon  (4),  Elliott  (5),  and  Von  Anrep  (6).  The 
experiments  of  Ascher  were  made  upon  rabbits  whose  abdominal  or< 
gans,  with  the  exception  of  the  liver  and  suprarenal  bodies,  had  been 
removed.  It  was  noted  that  the  stimulation  of  the  splanchnic  nerve 
resulted  in  a  rise  in  bloodpressure  only  so  long  as  the  suprarenal  blood- 
vessels were  left  intact.  The  hypothesis  that  the  adrenal  glands  share 
in  the  production  of  the  phenomena  associated  with  emotional  states, 
was  tested  by  Cannon  and  de  la  Pas  by  immersing  strips  of  intes- 
tinal muscle  in  Ringer's  solution  to  which  was  added  the  defibrinated 
blood  from  cats  that  bad  been  kept  either  in  enforced  quietude  or 
had  previously  been  excited.  The  blood  from  the  quiet  animals 
always  failed  to  relax  the  muscle,  while  the  blood  gathered  after  emo- 
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tioual  disturbances,  produced  a  typical  relaxation.  In  order  to  prove 
that  the  cause  of  this  difiFerence  is  dependent  upon  a  discbarge  of 
adrenin,  experiments  were  made  upon  the  relative  relaxing  power  of 
blood  from  different  systemic  veins  and  that  of  the  suprarenal  veins. 
The  former  type  of  blood  proved  ineffective,  moreover,  the  relajta- 
tion  failed  to  appear,  if  the  blood  had  been  obtained  from  "excited" 
animals  whose  adrenal  bodies  had  previously  been  removed. 

It  has  been  observed  by  Johansson  (7)  that  the  rise  m  the  arterial 
bloodpressure  accompanying  the  stimulation  of  the  splanchnic  nerve,  ^ 
does  not  consist  of  a  simple  rise  and  fall,  but  shows  two  elevations. 
Lehndorff  (8)  states  that  the  first  of  these  is  caused  by  a  vasoconstriction 
of  the  bloodvessels  in  the  oi^ans  innervated  by  the  aforesEud  nerve, 
and  that  the  second  summit  is  produced  partly  by  an  acceleration  and 
augmentation  of  the  heartbeat,  and  partly  by  a  constriction  of  certain 
peripheral  vessels.  Elliott  who  investigated  this  question  in  the  cat, 
ascribes  the  second  phase  of  the  rise  to  a  discharge  of  adrenal  secretion 
into  the  circulation,  because  the  excitation  of  the  splanchnic  nerve 
failed  to  produce  this  elevation  after  the  extirpation  of  the  suprarenal 
glands.  These  results  have  been  fully  confinned  by  Von  Anrep,  and 
furthermore,  this  author  was  able  to  show  that  the  general  vasoconstric- 
tion upon  which  the  second  rise  depends,  also  occurs  in  certain  organs 
and  parts  after  their  denervation.  This  fact  clearly  establishes  the 
function  of  adrenin  as  an  aid  to  the  direct  or  nervous  agency  of  vaso- 
constriction, and  also  explains  the  peculiar  local  reaction  of  the  blood- 
vessels to  internal  pressure  first  noted  by  Bayliss  (9). 

The  present  experiments  have  been  undertaken  for  the  purpose  of 
determining  in  how  large  a  measure  the  splanchnic  bloodvessels  con- 
tribute to  the  first  and  second  phases  of  the  rise  in  the  systemic  blood- 
pressure  following  the  stimulation  of  the  splanchnic  nerves.  The  d<^ 
used  in  these  tests  were  anesthetized  with  ether.  The  abdominal 
cavity  having  been  opened  in  the  median  line,  the  diaphragm  was 
pierced  in  the  region  of  the  crura.  Artificial  respiration  having  been 
instituted,  the  thoracic  sympathetic  nerve  of  each  side  was  isolated 
and  placed  in  shielded  electrodes  directly  above  its  point  of  division 
into  the  greater  splanchnic  and  abdominal  sympathetic  nerves.  In 
order  to  avoid  traction  upon  the  nerve  duringthe  succeeding  manipula- 
tions, the  electrodes  were  introduced  through  the  lateral  extent  of  the 
lowest  intercostal  space.  The  current  was  applied  to  the  intact  nerve 
in  some  instances,  and  in  others,  only  to  the  distal  end  of  the  divided 
nerve.     The  stimulations  were  of  moderate  strength  and  duration. 


r>' Google 


KATUSE   OF  SPLANCHNIC   RISE    IN   BLOODPKESSDRE  93 

The  btoodpressure  was  recorded  by  a  mereury  manometer  coimected 
with  the  femoral  artery.  A  second  manometer  was  added  at  times 
to  r^qster  the  pressure  in  the  carotid  artery.  The  following  blood- 
vessels were  placed  in  loose  ligatures:  the  right  and  left  renal  arteries 
and  veins,  the  mesenteric  arteries,  the  coeliac  artery,  the  portal  vein 
at  the  hilus  of  the  liver,  and  the  right  and  left  suprareaal.  veins. 

By  measuring  the  bloodflow  through  different  abdominal  organs 
during  stimulation  of  the  thoracic  sympathetic,  Burtoo-Opitz  (10) 
has  shown  that  the  right  nerve  innervates,  the  right  kidney  and  supra- 
renal capsule,  as  well  as  the  stomach,  intestine,  spleen  and  pancreas, 
while  the  left  nerve  governs  the  left  kidney  and  suprarenal  body,  and 
in  addition,  the  portal  organs  just  enumerated.  In  accordance  with 
this  distribution  of  the  splanchnic  fibers,  it  was  thought  certain  that 
the  exclusion  of  all  of  these  organs  from  the  circulation,  together  with 
the  division  of  the  hepatic  plexus,  would  completely  nullify  the  rise 
in  bloodpressure  which  accompanies  the  stimulation  of  these  nerves. 
Moreover,  by  permitting  only  the  suprarenal  veins  to  remain  open, 
we  hoped  to  obtain  a  means  for  differentiating  between  the  effects  of 
the  dischaiged  adrenin  upon  the  bloodvessels  of  the  splanchnic  organs 
and  upon  those  situated  in  other  parts  of  the  body. 

At  the  outset,  the  right  and  left  nerves  were  tested  as  to  their  relative 
effectiveness;  currents  of  the  same  strength  and  duration  being  applied 
to  them  alternately.  We  have  obtained  more  characteristic  and  more 
decided  rises  by  the  excitation  of  the  right  nerve,  and  naturally,  by  far 
the  greatest  amplitude  of  reaction  was  noted  when  both  nerves  were 
stimulated  simultaneously.  In  a  comparison  of  this  kind,  however, 
it  must  be  taken  into  account  that  the  rises  obtained  early  in  the  course 
of  an  experiment,  are  generally  much  larger  that  those  gotten  later  on, 
unless  the  intervals  are  sufficiently  long  to  permit  of  not  only  a  com- 
plete relaxation  of  the  bloodvessels,  but  also  of  a  thorough  restoration 
of  the  secretory  power  of  the  adrenal  glands. 

In  accordance  with  the  preceding  statements  it  cannot  surprise  that 
the  stimulation  of  the  splanchnic  nerves  during  the  occlusion  of  the 
suprarenal  veins  failed  in  all  cases  to  eUcit  the  secondary  rise  in  blood- 
pressure.  Quite  similarly,  it  is  possible  to  delay  the  appearance  of 
the  second  phase  by  temporarily  blocking  the  suprarenal  vein  of  the 
gland  stimulated.  As  is  clearly  indicated  in  figure  1,  an  obstruction 
for  only  a  few  seconds  made  directly  at  the  beginning  of  the  stimulation, 
suffices  to  retard  the  development  of  the  second  elevation  to  such  an 
extent,  that  it  occurs  much  later  in  the  course  of  the  vascular  relaxa- 
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tioD.  In  this  way  the  first  and  second  phases  may  be  separated  more 
widely  so  that  a  distinct  notch  or  step  appears  between  them.  The 
general  outline  of  the  curve  may  thus  be  changed  almost  at  will. 

Strehl  and  Weiss  (11)  have  stated  that  the  ligation  of  the  suprarenal 
bloodvessels  is  followed  by  an  immediate  fall  of  pressure,  while  the 
release  of  the  ligature  is  succeeded  by  a  rise.  This  result  would  tend 
to  show  that  the  adrenal  secretion  is  poured  out  constantly  to  serve 
as  a  stimulant  to  the  sympathetic  nervous  system  and  to  the  smooth 


Fig.  1.  Stimulation  of  both  thoracic  sympathetic  nerves.    Separation  of  tba 
phasea  by  brief  occlusion  of  the  suprarenal  veins. 

musculature  of  the  bloodvessels.  Young  and  Lehman  (12),  on  the 
other  hand,  have  observed  but  a  very  slight  fall  in  pressure,  while 
Hoskins  and  McClure  (13)  report  that  the  lotion  of  the  adrenal  glands 
causes  no  immediate  fall  in  bloodpressure.  The  experiments  of  these 
authors,  however,  were  not  continued  for  a  longer  period  than  ten  or 
thirty  minutes  and  a  subsequent  removal  of  the  ligatures  was  regarded 
as  useless,  because  it  was  thought  likely  that  the  checking  of  the  adrenal 
circulation  results  either  in  a  depression  of  the  function  of  the  glands, 
or  in  an  accumulation  of  elaborated  secretion.     These  tests,  there- 
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fore,  do  not  favor  the  view  that  the  constrictor  and  other  eympathetic 
fibers  are  constantly  kept  under  the  tonic  influence  of  the  adrenal 
bodies. 

In  the  course  of  these  experiments  we  have  had  occasion  to  test  the 
effect  tA  obfitnicting  the  suprarenal  bloodflow  a  number  of  times.  In 
each  case  we  have  done  bo  by  tightening  the  loose  ligatures  which  had 
previously  been  placed  around  the  vein  centrally  as  welt  as  disially  to 
the  gland.  Under  ordinary  conditions,  however,  it  suffices  to  ligate 
only  the  central  portion  of  the  vein,  because  it  seems  that  an  escape 
of  adrenin  through  distal  anastomosing  bloodvessels  cannot  readily 
be  effected.  At  least,  if  a  reversal  of  the  venous  flow  of  this  region 
follows  the  blocking  of  the  suprarenal  vein  near  its  outlet,  the  adrenal 
secretion  reaches  central  channels  in  a  wholly  ineffective  condition, 
as  is  evidenced  by  the  absence' of  the  second  phase  of  the  rise  in  the 
general  bloodpressure.  In  testing  this  point  we  have  employed  solely 
currents  of  very  moderate  strength  and  duration,  and  hence,  these 
results  should  not  be  applied  to  those  cases  in  which  the  accumulated 
quantity  of  adrenal  secretion  has  been  greatly  augmented  by  repeated 
stimulations  of  the  splanchnic  nerve. 

While  we  cannot  substantiate  the  observation  that  the  ligation 
of  the  suprarenal  bloodvessels  is  followed  by  an  immediate  and  marked 
fall  in  pressure,  the  largest  number  of  our  records  unmistakably  indi- 
cate a  downward  tendency  on  the  part  of  the  pressure.  The  moat 
pronounced  drop  that  we  have  obtained  is  represented  in  the  curve 
illustrated  by  figure  2.  It  can  readily  be  seen,  however,  that  its  value 
is  inconsiderable  and  that  it  develops  with  extreme  slowness.  For  this 
reason  it  is  easily  modified  and  destroyed  by  changes  in  any  one  of 
the  factors  upon  which  bloodpressure  is  dependent;  and  hence,  it  is 
usually  compensated  for  within  a  comparatively  short  time.  Thus, 
it  may  happen  that  the  initial  decline  is  soon  followed  by  a  pressure 
which  even  surpasses  that  registered  before  the  ligation. 

The  fact  that  the  subsequent  release  of  the  adrenal  secretion  pro- 
duces a  rise  in  pressure  is  considered  of  little  significance  by  Hoskins 
and  McClure,  because  it  is  regarded  as  probable  that  the  checking  of 
the  secretion  results  either  itf  a  depression  of  the  glands,  or  in  an  accumu- 
lation of  elaborated  adrenin.  In  either  case,  it  is  stated,  the  removal 
of  the  ligatures  does  not  restore  normal  conditions.  While  these 
possibilities  must  be  taken  into  account,  it  seems,  however,  that  in- 
direct evidence  of  this  kind  should  not  be  disregarded  altogether.  The 
same  objection  might  indeed  be  raised  against  very  many  physiological 
methods  and  results. 
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excluding  the  effects  of  the  primary  vasocoBstriction.  This  end  we 
have  sought  to  attain  by  temporarily  Ugating  all  of  the  arteries  supply- 
ing the  organs  innervated  by  the  splaachmc  nerves,  namely,  the  right 
and  left  renal,  the  superior  and  inferior  mesenteric,  and  the  coeliac. 
In  addition  to  these  bloodvessels,  ligatures  were  also  applied  to  the 
renal  and  portal  veins,  and,  in  a  few  cases,  also  to  the  hepatic  vein, 
because  it  was  thought  possible  that  the  resulting  vasoconstriction 
might  force  a  part  of  the  residual  blood  of  these  organs  into  central 
channels;  thereby  tending  to  preserve  the  first  rise. 


Fig.  4.  StimulatioD  of  the  distal  ends  of  the  thoracic  sympathetic  nerves  (14 
cm.).    All  blood  vessels  open. 

The  successive  exclusion  of  these  organs  from  the  circulation-  in- 
creased the  general  bloodpressure  by  about  35  to  45  mm.  Hg,  the  pres- 
sure retaining  its  high  value  without  much  compensation.  The  great- 
est rise  resulted  after  the  occlusion  of  the  mesenteric  arteries.  At 
best  it  amounted  to  about  20  mm.  Hg,  while  that  produced  by  the 
ligation  of  the  coeliac  axis,  amounted  to  about  15  mm.  Hg.  By  re- 
moving the  ligatures  one  at  a  time  quite  similar  step-like  decreases 
in  pressure  were  obtained  which  showed  the  same  relationships  toward 
one  another.  In  all  these  cases,  however,  the  portal  vein  must  be 
closed  last,  otherwise  a  large  part  of  the  blood  will  be  stagnated  in 
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the  tributaries  of  this  vessel  with  the  result  that  the  general  blodd- 
pressure  assumes  a  level  much  below  normal. 

The  splanclmic  organs  having  been  excluded  from  the  circulation 
in  the  manner  just  described,  the  stimulation  of  only  one  or  both 
thoracic  sympathetic  nerves  produced  in  most  of  the  animals  a  vety 
marked  reduction  in  the  amplitude  of  the  first  elevation.  In  a  few 
cases  the  first  rise  disappeared  altogether.  The  secdnd  elevation,  bo 
the  other  hand,  was  never  absent,  although  always  smaller  in  rase. 
This  change,  however,' is  exphcable  without  difficulty  upon  the  basis 
that  the  second  summit  is  really  founded  upon  the  first  and  hence, 
its  conspicuousness  must  decrease  in  accordance  with  the  loss  in  the 
amplitude  of  the  first.  The  accompanying  figures  4  and  5  are  intended 
to  illustrate  this  point  more  fully.    The  former  was  recorded  with  the 


Pig.  S.  StimulfttioQ  of  the  distal  eods  of  the  thoracic  sympathetic  nerves  (14 
en.).    Only  Buprarenal  veins  are  open. 

bloodvessels  opened  and  the  latter  after  they  had  been  temporarily 
occluded.  In  each  case  both  nerves  were  stimulated  simultaneously 
with  a  current  of  medium  strength  and  duration.  The  second  rise 
which,  as  has  been  stated  previously,  is  dependent  upon  the  discharge 
of  adrenin,  b^jns  about  fifteen  seconds  after  the  onset  of  the  stimu- 
lation at  B  and  ends  sometime  after  the  cessation  of  the  excitation.  The. 
first  rise  which  is  caused  by  the  primary  vasoconstriction  of  the  blood- 
vessels of  the  "splanclmic"  organs,  becomes  evident  at  A  within  two 
or  three  seconds  after  the  beginning  of  the  stimulation.  Figure  6 
is  intended  to  illustrate  the  results  which  were  obtained  in  only  two 
(A  the  e^ht  animals  experimented  upon.  No  rise  whatever  is  discern- 
ible in  this  case  until  the  adrenin  has  had  sufficient  time  to  produce 
the  characteristic  second  elevation  (at  B). 


y,'G00g\il 


MO 


B.  BCBTON-Onn  AMD  D.  t,  KDWAHUe 


Tie  leductioa  in  tbe  amplitude  tif  the  rise  in  Uood^Heesure  is  quite 
•(ifMRnt  in  all  cases,  but  what  coneenis  as  nM»t  at  this  time  is  the 
Cact  tkat  tbe  primazy  deration  cannot  always  be  eompletdj  de- 
alxgrd  by  tbe  ligatian  of  tbe  qdaochnic  bloodvuseis.  In  fact,  other 
tatfeshaT«  given  eren  greater  rises,  equalling  8  to  12  mm.  Hg.  deariy, 
thewfore,  tbe  nMst  important  part  in  tbe  production  of  tbe  fiist  rise 
■  played  by  tbe  bkMxtress^  of  those  ocgans  which  are  innerrated  by 
the  greater  apian<hnic  nerves.  Obvioo^,  hmevn,  tbe  ezotatioo 
tt  the  thoraoc  sfuipatbetic  nerve  iniat  also  affect  ««*b»ir  vaacular 


«m,^.    tViU  ■uprswrml  vein*  fi|wn 

MV«  wbh'h  iT^  n>M  ^ittiMtA^  in  ihr  d.-tnuur.  K  ibe  ^ilaadBucs.  Hub 
fiwl  miwt  Knvifrht  imiI  rr)<^rf  rWr^-  hy  lip^tin^  ibe  foqiraiena]  veins  in 
nA'tiiit'm  (o  thr'  h}\\\^\tv9c)fi  nifriwnc.-;  Tcwioosir.  Tbe.  stimulatMCi 
of  (br  thiMTtoii-  Mmi-isihoiK-  iwn-rti  nrivju.-^  undnr these  ocraditioBS no 
*4rvRli.>n  whnd'wi  m  two  sLinisK  tmi  t,  vpry  rvidem  firat  rise  in  six 
animntx 

An  »  wvll  ln.i«-n.  ihc  ili.i-^.-tr  ¥>»iitu=:hi':if  riK-vp  divides  doee  t« 
tb*-  ilii^'-limi.iH  ttii.i  tli<-  en^sIol  sni^p-'hni.-  an.i  aSdominal  tympalbetic 
wni's      \n  \\f-  .iMif^~  it.^nr.wr.r.i,  ihf  lf,::f*r  pr^ff  oE  hranHieB  which 
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enter  the  ramification  of  nerves  in  the  vicinity  of  the  euprarensl  cap- 
sule. It  is  true,  however,  that  the  size  and  location  of  these  nerves  is 
subject  to  variations;  in  fact,  in  some  animals  the  abdominal  sym- 
pathetic is  very  rudimentary. 

In  order  to  trace  these  extra-splanchmc  vasomotors,  the  existence 
of  which  seems  to  have  been  definitely  established  by  the  preceding 
experiments,  we  resorted  first  of  all  to  division  of  both  greater  splanchnic 
nerves.  All  the  different  splanchnic  bloodvessels  having  been  ligated, 
the  stimulation  of  the  thoracic  sympathetic  nerves  now  led  to  results 


Fig.  7.  StimulatioD  of  tb«  thoracic  sympathetic  nerves  (12  cm.)-  Greater  and 
minDr  splancbnic  nerves  are  divided.  • 

which  were  in  no  way  different  from  the  preceding.  In  the  lat^est 
Dumber  of  instances  a  clearly  perceptible  first  rise  developed,  while 
in  those  animals  in  which  no  reaction  was  obtained,  the  abdominal 
nerve  was  poorly  developed. 

This  procedure,  however,  does  not  exclude  the  possibility  that  im- 
pulses generated  upon  the  thoracic  sympathetic  reach  the  splanchnic 
organs  by  way  of  the  lesser  splanchnic  nerves,  although  the  ligation 
of  the  bloodvessels  would  prevent  an  effect  of  this  kind  from  making 
itself  felt  centrally.    In  order  to  avoid  this  difficulty,  the  stimulations 
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'«f  fii^tboncie  sympathetic  nerve  were  abo  repeated  afto*  diviB(» 
,  aC  the  icreAter  and  lesser  8|danchiue  nenree,  and  afto'  all  the  Mood- 
''  VMsels  bad  beat  ligated.  As  is  shown  in  Bgnre  7,  the  fint  phaK  (rf 
the  rise  in  bJoodpreesure  persisted  in  niost  of  these  tests,  a  low  and 
long  eleratioD  now  taking  the  place  of  the  fonnerty  very  eonqiicDOafl 
double  rise. 

TtMoe  resuhs  indicate  that  the  abdominal  synpatbetie  nexre  em- 
braces rasoconstrictor  fibos  which  goveni  tbe  Tascnlaiity  of  parts 
not  situated  within  tbe  rcAfan  of  the  sie«t«  and  minor  ^dancfanie 
Derres.  Hence,  the  first  dermtion  of  tbe  rise  in  tbe  gataal  bkxidpRS- 
auie  reeuhinf  from  sUmuhttioo  ol  tbe  thoracic  sympathetic  nerve,  is 
in  part  depeodeot  upon  tbe  coostiictioii  of  tbe  Uoodreaels  ionerrated 
by  tliis  nerve.  It  b  trxie.  howeTcr.  that  tbe  power  of  the  abdominal 
t««(K4i  of  the  sympathetic  is  reiy  much  less  than  that  of  its  splanchnic 
dkTeiou.  a  difference  whi«4i  no  doubt  b  depeodent  upon  the  relatrve 
aaae  of  the  Twcular  ams  controUed  by  these  nems.  While  we  have 
K>l  been  able  a>  ^  to  determine  the  seat  of  this  teaction.  we  have 
UMMi|[bt  it  prvbabl'e'  that  the  abdomiiuil  sympathetic  may  be  fimctioo- 
aUy  maaevled  with  tbe  lumbar  and  sacral  networks  of  tbe  synqiathetie 
:^rsleni  and  ruay  thus  seffv  as  a  coo^rictor  of  tbe  bloodrends  of  the 
huubar  sioA'Ivs. 
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It  has  been  noted  repeatedly  that  the  rise  in  the  systemic  bloodpres- 
sure  occasioned  by  stimulation  of  the  splanchnic  nerve,  is  followed 
at  times  by  a  fall  below  normal  which  may  in  turn  be  succeeded  by  a 
slight  rise.  This  phenomenon  has  generally  been  r^arded  as  being 
dependent  upon  a  compensatory  adjustment  in  distant  parts  of  the 
vascular  system.  It  is  true,  however,  that  the  fall  attains  at  times 
a  conspicuousncss  which  actually  suggests  a  reflex  dilatation.  A  re- 
action of  this  kind  is  represented  in  figure  1.  The  current  was  applied 
in  this  case  to  the  intact  thoracic  sympathetic  nerve,  directly  above 
its  point  of  division.  The  stimulation  was  followed  at  first  by  a  rise 
in  bloodpresaure  consiBtitig  of  two  phases  (at  A  and  B),  while  subse- 
quent to  the  second  elevation  the  pressure  dropped  rather  abruptly  (at 
C),  giving  rise  to  an  effect  which  closely  resembles  a  true  depressor 
action. 

In  other  parts  of  the  body  Dastre  and  Morat  (1)  have  observed  that 
the  excitation  of  a  so-called  constrictor  nerve  produces  a  constriction 
of  the  bloodvessels  innervated  by  this  nerve  and  that  this  reaction 
is  followed  by  a  dilatation.  This  after-affect  to  which  the  name  of 
"surdilatation"  has  been  given,  is  considered  by  them  to  be  an  ex- 
haustion phenomenon.  It  is  assumed  that  the  excitation  increases 
the  tonicity  of  the  muscle  fibers  of  the  vessel  wall  in  such  a  degree  that 
they  become  fatigued  and  temporarily  relax. 

Bradford  (2)  has  shown  that  the  vasotnotor  nerves  of  the  kidney 
leave  the  spinal  cord  through  the  anterior  roots  from  the  fourth  to 
the  thirteenth  dorsal  vertebrae.  These  fibers  embrace  constrictors  and 
dilators,  but  the  former  are  the  best  daveloped  by  far  so  that  it  is  diffi- 
cult to  obtain  clear  evidence  of  vasodilation  by  stimulation  of  a  spinal 
nerve.  Excitation  of  the  central  end  of  an  intercostal  nerve  was  fol- 
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a  direct  aDd  active  dilatation  of  the  intestinal  bloodvessels  which  in 
turn  affecte  the  kidney  in  a  paaaive  manner,  although  it  is  not  denied 
by  Bradford  that  this  organ  may  also  show  some  active  dilatation. 

The  phlethysmographic  experiments  of  Hallion  and  Francoi»-Frank 
(3)  made  upon  loops  of  intestine,  have  shown  that  the  vasoconStrictOT 
fibers  of  the  intestinal  bloodvessel  arise  below  the  fifth  dorsal  nerv6, 
while  the  dilators  take  their  origin  in  the  eleventh,  twelfth  and  thirteenth 
dorsal  communicating  rami  as  well  as  in  the  first  and  second  lumbar 
nerves.  The  stimulation  of  the  distal  ends  of  these  fibers  produces 
an  increase  in  the  volume  of  the  intestine  which  may  and  may  not  be 
initiated  by  a  slight  decrease.  The  former  reaction  is  associated  witti 
a  rise  and  the  latter  with  a  variable  fall  in  the  aortic  pressure. 

I  have  cited  the  work  of  these  authors  somewhat  in  detail  in  order 
to  show  that  it  is  wholly  concerned  with  direct  peripheral  effects,  namely 
with  the  vasoconstrictions  and  vasodilatations  occurring  in  the  kidneys 
and  intestines.  In  the  succeeding  pages  I  shall  endeavor  to  prove  that 
the  "splanchnic"  nerve  also  serves  as  an  afferent  path  and  that  its 
excitation  leads  to  a  general  vasodilatation.  For  this  reason,  this  nerve 
may  be  regarded  as  the  depressor  for  the  abdominal  oi^ans. 

Opposite  to  the  thirteenth  rib,  the  thoracic  sympathetic  divides 
into  the  greater  splanchnic  and  abdominal  sympathetic  nerves.  Dis- 
tally  to  this  point,  the  border-sympathetic  most  generally  consistB 
of  only  a  small  number  of  fibers  which  eventually  connect  with  the 
lumbar  ganglia,  but  at  times  it  retains  a  size  which  compares  favorably 
with  that  of  the  splanclmicue. 

The  dogs  made  use  of  in  these  experiment  were  anesthetized  with 
ether.  Having  opened  the  abdominal  cavity,  the  diaphragm  was 
pierced  on  both  sides  in  the  regions  of  the  crura.  The  bloodpressure 
was  roistered  by  a  mercury  manometer  which  was  connected  with 
the  left  femoral  artery.  The  stimulation  of  the  nerves  was  effected 
with  a  Du  Bois-Raymond  coil  and  ordinary  shielded  electrodes;  a 
three-volt  battery  furnished  the  power. 

To  b^^  with,  the  electrodes  were  applied  to  the  intact  thoraCiie 
sympathetic  nerve  about  1  cm.  above  its  division  into  the  greater 
splanchnic  and  abdominal  sympathetic  nerves.  The  coils  were  at 
first  widely  separated  so  as  to  be  beyond  the  threshold  value  of  the 
current.  They  were  then  brought  closer  t<^tber  after  each  stimu- 
lation, until  eventually  the  first  indications  of  a  fall  in  bloodpressure 
appeared.  If  this  end  could  not  be  attained  nith  weak  currents, 
the  frequency  of  vibration  of  Neef'a  hanuner  was  reduced  gradually 
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by  inrrMsinit  its  rooUct  distukce.  A  gnduated  indoctoriiini  and 
;^ichb|r*nlkhW)'  vnv  neref  requiicd  in  these  tests  to  bring  aboat  tfae 
N«ult  just  nientkioed. 

TV  «lM«VKve  in  the  pressure  <«unl  be  rendered  more  eonspietioai 
b;  itKf«tt$*n([  the  stnmgth  of  the  currmt  sommriutt  beToad-its  tfaieabold 
v«lue.  Wbii«.  bowxvr.  a  c»um  niiTinunn  had  been  teadted.  the 
t«U  v«s  iaTamhly  aqiiersvtied  by  a  risr  ie  the  pnaswe  vhicfa  ohHiited 
ttw  (i>*r*e<rtt»K-  dixibie  e>Tatk«i.  lo  all  these  tests  it  vas  neees- 
suy  t*«  »f(«*nl^  the  icdiTiii-.xil  fsisiulitkias  br  intervafa  of  a  fev 
wti::;;l<e«.  <4Vr«K<e-  tbe  sucrveoi:^  faH?  is  pnaean  Wt  moeh  of  their 
Mipwil  (WfwuoufscsK.  'HJs  (ii^'TiIn-  mhxh  death-  miixiiiHi  that 
tSf  liiAtviis  an  c:'a4:  sxvr  nEvvpH:r«iF  <o  Eaupoe  than  the  UMWiiiihaii. 
«wi  be  oxvRVCA^  by  tt^drc  a  »'<cwi:M  sKvcpr  t'j^iR.t  fcr  the  flamed- 
kr$  $s^r^ujk]»'<c  FiT  eiarr.^.  if  a  s^arirMi  f^  =  [■iwiiin  has  bc^ 
«v-uu:w>i  w::^  a  ^i:>«jtsor  tV  <v~us  i.*^  ^  <^l~  ac  i  mimi  say.  to  30  c^ 
«/.'  omi  to  ycnafTty  tht  i/^zri^'^Me  of  >be  dr.'p  vri^trct  oee^HlalBg 
«  xv^  |yf»£  v-c  7K«.  1^'^^  jgTr.'atry.  n  «af  po^^ae  So  inwlte  « 
aKr««  \it  n!V¥  »=>i  ^t^  ^  n>;2»n'  ri^^  sokvs.il  by  ^=;£y  ■ocaaag 


WW  ',.V  svv-j^  Ti-rss--^.  ^i  v:':yinl.  -i-tfrfv.rr.  j  anny  ae  mad  that 
»>««■  TM».'  .vv»  Xa^-  *^Yoi  -r?:J*«-  :i;i:rvTf  tc  t-h;  -^^  n  ntam  vhach  ia 
^^fCKsv^■vv,  r\    ;v  f\,-i»".>.i.*  .V  :^  j>:Cffsa.r  r'.-rae    ie;.  2-     In  ■• 

S'tf  »n».-».'  ,-\.     1.    "vi-x-*  »  ".-•r'.x-—:;>  .-»  -'^  t.:>i  iewiu-i  wwsyi  ^»^daL. 
*.'K,-!<    ,>*-,v  ^   '•-.•>f    .V.a.  ■v*i    ••   ,t    t-'-.t    fra.Tjr    rs-SfcH-r    I    S»h 

jkl*."  o^^  -"    '    -V  *■  -*■■•    ».--.-»■-•-  ^Lsj- •','.•:  .T  -zin  jiratn  jokaanaal 


ijGoogle 


DEPREBBOB  ACTION   OF  THOKACIC   BYMPATHBTIC   NEBTE  107 

constrictor  properties  (4);  in  recent  years,  however,  many  new  facts 
have  been  ascertained  which  tend  to  prove  that  in  very  minute  doses 
this  agent  also  manifests  the  power  of  lowering  the  pressure  by  relax- 
iag  the  bloodvessels.  Evidence  of  this  kind  has  been  obtained  by 
Bardier  and  Fr&nkels  (5),  Moore  and  Purington  (6),  Meltser  (7), 
and  Pari  (8);  in  fact.  Cannon  and  Lyman  (9)  have  succeeded  in  pro- 


Fig.  2.  StimulatioQ  of  the  intact  thoracic  sympathetic  nerve  (25  cm.) 

ducing  a  fall  in  btoodpressure  in  cats  after  exclusion  of  the  splanchnic 
organs  by  simply  stimulating  the  splanchnic  nerve  or  the  gland  itself. 
Reasons  are  given  by  these  authors  for  assuming  that  this  dilator  effect 
is  not  of  central  origin,  is  not  dependent  upon  a  blocking  of  the  con- 
strictor impulses  and  is  not  caused  by  the  stimulation  of  supposied 
vasodilator  sympathetic  endings.  Thus,  adrenalin  is  said  to  possess 
opposite  actions  in  accordance  with  the  state  of  the  smooth  muscle 
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fibers  of  the  bloodvesBels.     If  these  elements  are  tonieally  shortened 
this  ^eot  relaxes  them,  while  if  relaxed,  it  oontracta  them. 

It  has  been  observed  previously  (10)  that  the  latent  period  inter- 
vening between  the  stimulation  of  the  greater  splanchnic  nerve  and 
the  b^jnuing  of  the  second  phase  of  the  rise  in  the  general  blood- 
pressure  amounts  to  about  13  seconds.    It  may  be  assumed,  therefore, 


FUi.  3.  Mechaaical  Btimulation  of  the  central  ead  of  the  thoracic  Bjmpathetifl 


with  reasonable  certainty  that  a  dilator  effect  which  is  caused  by  a 
liberation  of  adrenal  secretion,  must  require  an  equally  long  time  to 
make  itself  felt.  An  inspection  of  the  records,  however,  shows  that 
the  latent  periods  seldom  exceed  a  length  of  3  to  4  seconds,  in  spite 
of  the  fact  that  they  tend  to  be  somewhat  longer  than  those  initiating 
the  splanchnic  rise  in  bloodpressure. 

While  probably  no  additional  evidence  is  required  to  show  that  this 
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depressor  action  is  not  dependent  upon  a  liberation  of  minimal  quan- 
tities of  adrenin,  I  ligated  in  one  animal  the  suprarenal  veins  centrally 
and  distally  to  the  glands  and  removed  practically  all  of  their  tissue. 
No  change  whatever  in  the  character  of  the  fall  in  bloodpressure  was 
noted. 

Having  in  this  way  excluded  the  adrenal  bodies  as  causative  factors 
in  the  production  of  this  vasomotor  reaction,  I  proceeded  to  establish 


Fig.  4.  Stimulation  of  the  central  ead  of  the  left  thoracic  aympathetic  Derve, 
the  opposite  nerve  and  both  vagi  nerves  having  been  divided  (22  cm.). 

its  re6ex  character  in  a  more  convincing  manner.  To  begin  with  I 
divided  the  greater  splanchnic  nerve  of  the  left  side  in  close  proximity 
to  the  suprarenal  plexus  and  stimulated  its  central  end  in  the  manner 
described  previously.  Very  pronounced  falls  in  bloodpressure  were 
obtained.  I  then  divided  the  abdominal  sympathetic  nerve  above 
the  first  minor  splanchnic  nerve,  and  repeated  the  stimulations,  using 
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the  ceotral  end  of  this  nerve.  While  the  reactions  now  showed  a 
reduction  in  amplitude,  their  general  character  remained  the  same. 
And  finally,  I  divided  the  thoracic  sympathetic  nerve  at  a  point  about 
1  cm.  above  its  bifurcation  and  applied  the  electrodes  to  its  central 
end.  The  stimulations  invariably  led  to  very  characteristic  falls 
in  pressure.  Precisely  the  same  results  were  obtained  subsequently 
with  the  r^ht  thoracic  sympathetic  nerve  and  its  branches,  and  henc4, 
the  conclusion  may  justly  be  made  that  the  aforesaid  nerve  serves  as 
the  depressor  nerve  for  the  abdominal  viscera.  It  might  also  be  men- 
tioned that  a  mechanical  stimulation  of  the  central  end  of  this  nerve 
sufficed  in  many  cases  to  bring  this  result  about  (fig.  3). 

In  accordance  with  the  large  amplitude  of  this  depressor  reaction, 
it  was  thought  probable  that  extensive  areas  of  the  vascular  system 
are  involved,  but  naturally,  one  might  feel  inclined  to  attribute  the 
principal  effect  to  the  bloodvessels  of  the  abdominal  oi^ans.  Without 
desiring  to  establish  accurate  quantitative  differences,  as  could  prob- 
ably be  done  with  the  help  of  a  calibrated  inductorium  (11),  I  have 
sought  to  determine  the  seat  of  this  reaction  in  a  perfectly  general 
way  as  follows:  Having  divided  both  thoracic  sympathetic  nerves, 
the  electrodes  were  ai^lied  to  the  central  end  of  one  or  the  other  of 
these  nerves.  Both  vagi  nerves  were  then  cut  a  short  distance  above 
the  diaphragm,  and  also  both  phrenic  nerves. 

The  stimulations  invariably  incited  typical  depressor  reactions 
which,  however,  possessed  a  smaller  ampUtude  than  those  obtained 
previous  to  the  division  of  these  nerves  (fig.  4).  No  doubt,  this  change 
is  due  in  some  measure  to  the  low  bloodpressure  occasioned  by  the 
division  of  the  sympathetic  fibers,  because  it  was  possible  to  again 
render  them  more  conspicuous  by  injecting  a  small  quantity  of  normal 
saline  solution.  While  these  results  do  not  minimize  the  importance 
of  the  abdominal  organs  as  factors  in  the  production  of  this  reaction, 
they  clearly  prove  that  the  latter  finds  its  origin  in  a  reflex  vasodilata- 
tion which  involves  the  circulatory  system  in  general. 
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INTHODUCTION 

ThiB  work  was  undertaken  in  an  attempt  to  obtain  evidence  re- 
garding the  place  of  origin  of  the  cardiac  impulse  in  the  turtle's  heart. 

HISTORICAL 

The  specialized  tissue  of  the  niammalian  heart  has  been  warmed 
and  cooled  by  a  number  of  workers  since  MacWilliam  (I),  and  Adam 
(2).  Until  very  recently  such  work  has  not  been  done  upon  the  cold- 
blooded heart.  There  has  been  no  attempt,  except  recently,  to  see 
whether  there  is  a  particular  spot  or  portion  in  the  sinus  venosus  of 
the  lower  animals  which  not  only  has  fundamental  significance  in 
heart  activity,  but  which  .would  necessarily  be  carried  forward  or 
rather  be  embodied  in  the  cardiac  mechanisms  of  animals  higher 
up  in  the  scale.  Certain  workers  have  questioned  the  sino-auricular 
node  as  the  seat  of  impulse  formation  in  the  mammalian  heart  unless 
it  could  be  shown  that  the  homologous  structure  of  the  cold-blooded 
forms  had  a  similar  function.  The  general  conception  has  been  that 
it  did  not  matter  what  part  of  the  sinus  venosus  was  incorporated 
(developmentally  in  the  mammalian  heart)  because  it  was  thought 
that  that  in  itself  was  sufficient,  seeing  that  the  sinus  venosus  (since 
the  work  of  Gaskell,  MacWilliam,  and  Engelmann),  has  the  highest 
d^ree  of  automaticity  of  the  heart.  Erlanger  (3)  notes  that  in  lower 
forms  the  pacemaker  does  not  begin  in  the  sinus  node.  Meek  and  Eyster 
(4)  have  briefly  described  the  views  on  the  origin  of  the  heart-beat  in 
cold-blooded  hearts.  Their  own  results  "indicate  that  the  point  of 
primary  negativity  is  in  the  region  of  the  right  cavo-sinal  junction." 
They  later  published  a  preliminary  communication  on  the  origin  of 
the  cardiac  impulse  in  the  turtle's  heart,  "and  found  the  junction  to 
112 
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precede  in  negativity."  The  beat  was  isitiated  not  in  the  entire  sinus 
but  at  a  definite  spot,  which  they  have  further  definitely  located,  in 
1916  (5).  They  were  the  first  to  do  for  the  cold-blooded  heart,  what 
Wybauw,  and  Ijewis,  Oppenheimer  and  Op[>enheiDier,  did  for  the 
tmtmmaliftn  heart.  This  spot  has  been  identified  as  identical  histologi- 
cally with  the  specialized  tissue  in  the  sino-auricular  junction  of  lower 
forms  by  Keith  and  Flack,  Keith  and  Mackenzie,  and  Laurens  (see  5). 

Definite  localization  of  beat  initiation  of  the  frog's  heart  was  under- 
taken by  Engelmann,  in  1896  (6).  He  concluded  that  the  heart-beat 
does  not  arise  from  any  definite  point  in  sinus  or  veins  but  that  any 
portion  in  them  can  function  as  pacemaker.  Engelmann  (7)  later 
(1903)  reafiBrmed  his  first  position. 

Engelmann  is  the  only  worker  who  has  warmed  (with  platinum 
gslvano-cautery)  or  influenced  circumscribed  areas  of  the  sinus  ven- 
oeus  and  veins  in  the  cold-blooded  heart  (fn^s — ^normal  and  atropin- 
ised).  Gaskell  was  the  first  to  beat  or  cool  the  whole  sinus  (turtle) 
and  conclude  therefrom  that  the  beat  originates  in  it. 

An  advance  is  made  when  cold,  warm,  electrical  and  other  stimuli 
under  definite  control  are  applied  to  closely  circimiscribed  areas  of 
the  heart,  especially  in  the  sinus  venosus. 

THE   PROBLEU 

We  attempted  to  find  a  spot  in  the  veins,  sinus  venosus  proper, 
or  the  uno-auricular  junction  of  the  turtle's  heart,  which  upon  being 
properly  cooled,  warmed,  stimulated  directly  by  an  electric  stimulus, 
or  seared,  would  change  the  rate  of  the  heart,  or  stop  it  altt^tber  or 
temporarily. 


Experiments  were  performed  on  turtles,  most  of  them  10  and  12 
inches  long,  all  of  which  had  been  double  pithed.  The  plastron  was 
removed,  the  pericardium  incised,  and  the  frenum  cut  through  so  that 
the  heart  could  be  examined  dorsally  and  ventrally.  In  some  cases 
the  aortse  were  ligatured,  and  cut,  to  free  the  heart  entirely.  In  one 
group,  the  contractions  of  the  right  auricle  and  ventricle  were  re- 
corded by  air  transmission  through  receiving  tambours  to  recording 
tambours.  In  this  group  and  those  following,  various  spots  on  the 
sinus,  auricles,  and  veins,  were  cooled — in  some  experiments  with 
ethyl  chloride,  in  others  with  pencils  of  ice,  in  some  by  means  of  a 
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copper  tip  attached  to  an  apparatus  from  which  one  could  also  supply 
the  tip  with  warm  water  when  needed  and  so  warm  it;  and  in  others 
the  spots  were  stimulated  directly  by  an  electric  current,  or  wanned 
by  the  copper  tip.  The  temperatures  applied  by  the  copper  tip  were 
carefully  noted.  In  a  second  group  of  experiments  the  contractions 
of  the  sinus  and  right  auricle  were  recorded  diriectly  on  the  drum  by 
way  of  a  vertical  thin  glass  rod,  with  cork  tip  resting  on  the  chamber, 
meeting  a  horizontal  recording  lever.  In  a  third  group,  the  various 
spots  of  the  heart  were  seared  by  a  red-hot  rod.  In  a  fourth  group, 
the  rate  and  action  of  the  chambers  were  counted  by  direct  inspection 
and  observation,  with  no  records  being  made.  This  was  done  on  the 
heart  in  situ,  and  on  the  excised  heart  immediately  after  excision,  or 
twelve  to  twenty  hours  after  excision.  In  Experiment  XX,  and  a  few 
others,  the  ventricle  was  removed  entirely  after  being  ligatured  at  the 
auriculo-ventricular  junction,  and  a  forceps  was  placed  on  the  auricles 
so  that  the  sinus  venosus  itself  received  the  entire  attention  of  the 
observers.  In  some  experiments  atropine  and  nicotine  solutions  were 
placed  on  the  heart  directly;  and  in  Experiment  XXV,  1  percent  solu- 
tions of  atropine,  apocodeine,  and  nicotine  were  used. 

We  have  felt  justified  in  interpreting  the  change  in  rate  produced 
by  the  various  stimuli  on  the  turtle's  heart  as  an  effect  upon  specialized 
tissue,  because  previous  experiments  on  the  mammalian  heart  rigidly 
controlled  by  histological  examination  have  proven  such  assumption 
to  be  correct  for  the  mammalian  heart.  Histological  examinations 
of  the  tortoise  heart  show  that  the  best  connection  between  the  sino- 
auricular  ring  and  the  right  auricle  is  at  the  position  of  the  right  venous 
valve. 

The  first  experiment  was  made  by  Mr.  Schlomovitz,  in  the  labora- 
tory of  Prof.  A.  S.  Loevenhart,  University  of  Wisconsin,  on  July  13, 
1914.  Five  were  completed  there.  Experiment  VI  and  all  the  rest 
were  concluded  at  Iowa,  starting  October  19,  1914,  and  from  then  on 
the  authors  were  jointly  interested  in  the  work. 

EXPERIMENTAL  RESULTS 

Figure  1  shows  how  the  various  spots  were  designated,  and  illus- 
trates the  elimination  method  of  spots  on  the  heart  chambers  until 
the  definite  one  was  determined  which  could  be  influenced  markedly. 
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A.  Temperature  influences — heart  in  eitu 

Cooling.  A  definite  spot  was  found  which,  upon  bong  cooled  by 
ethyl  chloride  spray,  decreased  the  rate  of  the  heart  (fig.  2,  Experiment 
II).  This  spot  we  have  tried  to  locaUze  as  definitely  as  poeeible,  but 
of  course  it  may  be  possible  that  the  cooling  effect  may  have  spread 
not  only  to  the  right  of  the  median  line,  dorsal  side,  but  into  the  ad- 
jacent sino^uricular  junction.  This  same  error  may  hold  throughout 
the  experiments,  altbot^  at  times  we  were  able  to  cool  a  spot  net 
more  than  2  mm.  in  diameter  with  complete  assurance  that  there 


Fig.  1.  Dora&l  view  of  turtle's  he^rt.    Figure  referred  to  is  text. 

was  no  spreading.  In  Experiment  XVIII  (at  No.  18),  slowing  was 
produced  by  applying  an  ice  pencil,  and  in  Experiment  XIX  at  (No. 
37)  the  rate  was  decreased  50  per  cent  for  a  short  period.  Figure  3 
shows  the  outlines  of  the  sinus  and  the  spots  warmed,  cooled,  etc.  In 
this  experiment  (XX),  the  ventricle  was  cut  away  after  applying  a 
ligature  in  the  auriculo-ventricular  junction,  and  a  forceps  placed  upon 
the  auricles,  in  order  that  the  sinus  movements  could  be  accurately 
recorded,  and  certainly  not  interfered  with  by  the  strong  ventricular 
pun. 
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Fig.  2.  Effect  of  localised  cold  od  turtle's  heart.  Cooling  with  ethyl  chloride. 
Upper  record,  contrHClions  of  auricle.  Lower  record,  contractions  of  ventricle. 
Time  in  seconds. 


Anterior  view. 


Fig.  3.  Sinua  region  of  turtle's  heart  showing  areas  warmed  and  cooled  i 
Experiment  XX. 
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Warming.  Warmth  35  to  40°C.  produced  an  immediate  increase 
in  rate  of  tiie  heart  only  when  applied  at  the  definite  spot  determined 
for  that  animal.  This  spot  was  in  nearly  each  case  either  in  the  sinus 
venosua  on  the  right  of  the  median  line  in  the  S-A  junction  or  just 
adjacent  to  it.  In  Experiment  XX  the  normal  rate  of  the  sinus  was 
30  per  minute.  When  spots  I,  5,  6,  7,  10,  and  so  on,  except  2, 3,  and  4, 
were  warmed,  the  heart  rate  remained  30  per  minute,  but  at  spots 
2,  3,  and  4,  the  heart  rate  was  48  and  54  per  minute  an  increase  of 
60  and  80  per  cent.  In  counting  rates  a  stop-watch  was  used.  The 
effective  spot  in  this  experiment  is  in  the  body  of  the  sinus.  This  is 
irregular.  When  the  tissue  connecting  the  sinus  and  ventricle  was 
cut  at  the  beginning  of  the  experiment,  the  auricles  fibriUated  for  ten 
minutes,  and  then  became  r^ukr  again.  Probably  we  have  ourselves 
to  blame  for  not  exploring  the  &-A  junction  to  the  right  of  point  11 
more  carefully. 

Table  1  is  a  summary  of  the  results  shown  in  figures  4  to  7. 


TABLE  1 

■SIS 

»Q. 

^™ 

atCTram 

DDUHO 

Eigur«4 

XVI 
XX 
XX 

XVIII 

53 
36 
37 
38 
21 

CooliDK 

Warmed 
Warmed 
Warmed 
Warmed 
Warmed 

18 
27 
27 
30 
30 
27 

12 

36 
27 
48 
30 
54 

60 
0 

Excised  heart.  After  investigating  the  heart's  action  in  situ  in 
Experiment  XVIII,  it  was  excised,  and  by  observation  no  increase  in 
the  rate  of  auricles,  ventricles,  or  sinus,  occurred  after  warming  a 
number  of  spots,  but  when  a  certain  spot  in  the  sinus  was  warmed, 
there  was  an  immediate  increase  from  36  to  54  per  minute  (50  per  cent). 
In  Experiment  XIX,  with  the  heart  in  situ,  the  increase  was  from  30 
to  54  per  minute  (80  per  cent).  The  increase  in  rate  that  occurred 
in  every  case  of  warming  with  temperature  35  to  40''C,,  in  each  experi- 
ment, was  rapidly,  almost  immediately  initiated;  and  the  increase  tn 
rate  is  so  apparent  as  to  almost  clinch  the  conclusion  of  the  observer 
that  at  that  spot  certainly  a  different  kind  of  cardiac  activity  is  occur- 
ring, or  else  a  different  kind  of  cardiac  tissue  is  being  infiuenced. 
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Fig.  4.  First  line,  contractions  of  auricle.    Second  line,  contractions  of  Tes- 
tricle.    Third  Hoe,  signals  duration  of  warming  and  cooling.    Time  in  seconds. 


Fig.  5.  Rate  before  27  per  minute;  rate  during  36  per  minute. 


Fig.  6.  Rate  before  No.  37,  30  per  minute ;  rate  during  No.  37,  48  per  minute. 


Fig.  7.  Rate  before— 27  per  minute;  rate  at  No.  21,  54  per  minute. 
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Yfitb  ao  increase  in  temperature,  45  to  SS'C,  more  th&n  one  spot 
can  be  found  in  the  sinus  and  veins  which  cause  an  increase  in  rate, 
but  there  is  only  one  spot,  the  sino-auricular,  in  which  the  increase  is 
produced  immediately  without  any  latent  period.  In  Experiment 
XXIV  application  of  warmth  only  at  the  jimction  immediately  pro- 
duced fibrillation  of  the  auricles,  while  at  the  other  points  including 
the  right  vein  the  same  temperature  usually  produced  a  sli^t  increase 
after  a  latent  period. 

B.  Effects  of  atrdinjie,  apoeodeine,  and  nicotine 

In  two  experiments,  XXIII  and  XXIV,  the  same  results  by  warm- 
ing were  obtained  with  the  heart  as  before,  after  atropine  and  nico* 
tine  were  applied  directly.  In  Experiment  XXV,  atropine,  apoeodeine, 
and  nicotine  were  used  successively  in  1  per  cent  solutions  upon  the 
heart  tissue  directly.  Before  any  drugs  were  applied  the  heart  rate 
was  doubled  (100  per  cent)  when  the  thermode  with  temperature  of 
38°C.  was  placed  on  the  S-A  junction.  There  was  do  increase  at  any 
other  point  with  that  temperature.  With  temperature  of  50°C.  at 
other  points  on  the  sinus  an  increase  in  rate  ensued  also.  After  atro- 
pine was  applied  the  increase  by  means  of  40  to  50°C.  temperature  at 
the  junction  was  38  per  cent,  while  there  was  no  increase  in  rate  at 
any  other  point.  After  the  apoeodeine  was  applied  temperature 
effects  were  obtained  only  at  the  junction.  In  one  case  an  increase 
of  43  per  cent  was  noted.  The  rate  now  became  slower  gradually 
from  48  to  36  per  minute,  and  then  the  nicotine  was  applied.  The  heart 
rate  then  dropped  to  30  per  minute.  The  auricles  were  beating  feebly. 
Warming  (49°C.)  the  junction  increased  the  rate  up  to  100  per  cent, 
while  doing  the  same  at  a  few  other  points  increased  the  rate  only  20 
per  cent. 

Temperature  effecta  on  auridea  and  ventricle.  No  point  on  auricles 
or  ventricle  could  be  found  which  upon  being  warmed  produced  a 
change  in  rate. 

C.  Direct  eUctrical  stimidt^ion 

On  the  heart  in  situ,  or  excised,  a  series  of  observations  were  carried 
out  in  which  various  spots  were  directly  stimulated  by  an  electrical 
current,  and  we  found  that  the  least  minimal  electrical  stimulus  that 
will  produce  stoppage  in  a  certain  area  will  not  do  so  at  any  other  point. 
In  this  way,  we  often  corroborated  the  results  obtained  by  the  tem- 
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perature  method.  It  was  also  determioed  that  the  strength  of  curreot 
is  important  in  making  a  selective  localization,  because  there  is  a  tend- 
ency for  a  current  to  spread,  and  stoppage  will  then  be  obtained  at 
a  number  of  points.  Figure  8  taken  from  Experiment  XX  is  an  ex- 
ample of  this  phenomenon. 

In   Experiment  XXIV,  direct  electrical  stimulation   produced  no 
effect  after  atropine  and  nicotine  were  applied  directly  to  the  sinus. 


Fig.  8.  For  deacriptioa  see  text 

D.  Cauterization 

When  a  heated  Iron  tip  was  applied  to  the  auricle  (Experiment  XXI) 
there  was  at  once  a  temporary  increase  in  the  rate  due  to  the  heating 
of  the  auricular  tissue  and  the  sinus  adjacent,  but  when  the  effective 
spot  was  scalded,  or  seared,  the  heart  became  irregular,  anditsirregu- 
larity  was  far  more  evident  with  further  scalding  {Nos.  31,  46).  With 
completer  destruction  of  this  spot  the  heart  became  very  slow,  thus 
simulating  greatly  the  phenomenon  that  occurs  with  removal  of  the 
pacemaker  from  the  upper  parts  of  the  specialized  tissue  in  the  mam- 
malian heart,  and  the  assumption  of  primary  automaticity  at  some 
lower  point  in  the  specialized  tissue. 

DISCDSSION 

1.  Temperature  influences.  In  the  historical  review  above,  it  is 
noted  as  "well  known  that  the  automaticity  of  the  heart,  measured 
by  its  rate  of  stimulus  production  varies  with  the  temperature  .  .  . 
This  inSuenoe  of  change  of  temperature  is  confined  to  that  r^on 
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which  is  at  the  same  time  initiating  the  impulse  or  acting  as  'pace- 
maker' for  the  whole  heart"  (8). 

The  principle  laid  down  by  Gaskell  and  Engeknann  and  supported 
by  Bering,  that  the  most  automatic  part  of  the  heart  is  the  pacemaker 
at  that  given  moment,  may  explain  the  slowing  produced  in  the  turtle's 
heart  by  cooling.  Other  poiutfi  in  the  heart  have  less  automaticity 
and  initiate  slower  rhythms,  therefore,  when  the  primal  spot  is  cooled,  it 
is  depressed,  and  primary  automaticity  is  assumed  at  some  other,  and 
lower  point.  Each  part  of  the  specialised  tissue  probably  has  its 
own  maximum  and  minimum  rate,  so  that  it  is  also  possible  to  cool 
and  warm  the  dominant  spot,  just  enough,  without  having  the  pace- 
maker change  its  position. 

Our  results  show  that  a  distinction  must  be  made  as  to  the  degree 
of  temperature  used.  The  results  are  quite  different  at  35  to  40°C. 
than  at'45  to  55°C.  At  the  lower  range  only  one  effective  point  could 
be  found,  while  a  number  of  them  could  be  found  at  the  higher  range. 
In  both  ranges  the  dominant  spot  revealed  itself  by  being  affected 
immediately.  At  other  points  the  change  set  in  after  a  latent  period, 
which  is  in  agreement  with  Engeknann's  (6)  observations  on  the  frog.' 
He  heated  by  means  of  a  galvano-cautery,  specifying  that  he  did  not 
cauterize  the  tissues.  This  makes  it  impossible  to  say  what  tempera- 
ture was  used,  but  our  observations  lead  us  to  surmise  that  he  ob-- 
tained  his  results  by  a  temperature  which  was  in  our  higher  range  or 
even  above.  He  states  that  the  pacemaking  fiuiction  was  assumed 
after  a  latent  period  by  a  vein  after  intenser  warming.  We  have  found 
the  same  to  be  true,  and  as  a  rule  it  was  the  right  vein.  MacWilliam 
(1)  had  previously  noted  that  in  the  hearts  of  cold-blooded  animals 
there  is  abundant  evidence  of  high  spontaneous  rhythmic  power  con- 
stantly held  in  abeyance,  and  that  the  rhythm  of  the  portion  possessing 
higher  spontaneous  rhythm  will  supersede  the  inherent  rhythm  of 
the  other  parts  and  determine  the  rate  of  contraction  in  the  whole 
organ.  We  believe  that  intense  warming  at  practically  any  spot  in 
the  sinus  and  veins,  as  stated  by  Engeknann,  will  result  in  its  assum- 
ing the  pacemaking  function  because  of  the  fact  that  the  warming  makes 
the  tissue  more  automatic.  Such  a  shift  in  pacemaking  function  by 
the  temperature  method  has  been  demonstrated  in  the  mammalian 
heart,  and  it  has  been  shown  that  the  pacemaker  remained  in  some 
part  of  the  specialised  tissue.  In  the  mammalian  heart  none  of  the 
workers  have  found  points  on  the  vena  cavue  where  stimuli,  especially 
thermic,  could  produce  typical  changes  in  heart  activity,  while  they 
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hare  Again  and  again  noted  that  the  S^A  junction,  especially  the  node, 
was  a  most  sensitive  area,  at  which  point  heart  activity  could  bein- 
fluOiced  most  surely,  quickly,  and  tyjiically. 
-  The  higher  degree  of  temperature  must  have  a  much  more  striking 
influence  in  the  turtle  than  in  the  mammal.  The  body  temperature 
of  our  turtles  varied  from  18  to  20°C.,  while  the  highest  temperature 
used  on  them  varied  from  45  to  5S°C.,  giving  a  temperature  difference 
of  -27  to  35'C.  The  body  temperatures  of  the  mammals  under  experi- 
mental conditions  were  probably  about  ST^C.  or  possibly  a  little 
lower.  Ganter  and  Zahn  used  a  thermode  at  50  to  &yc.  (Adam 
40  to  60°C.)  which  gives  a  temperature  difference  of  13  to  23°C.  The 
highest  difference  used  on  the  mammal  is  lower  than  the  lowest  differ- 
ence for  the  turtle.  Such  a  difference  is  important  from  the  stand- 
point of  the  amount  of  heat  that  can  be  absorbed  by  the  tissue  in  a  given 
time.  Thb  may  possibly  explain  why  no  typical  results,  if  any  at 
all,  were  obtained  in  the  mammal  on  the  veins;  and  probably  results 
will  be  obtained  if  much  higher  temperatures  or  loi^r  intervals  of 
Wanning  are  used  on  the  remnants  of  the  anuB  venosus,  especially 
the  termination  of  the  superior  vena  cava. 

Whether  the  difference  produced  by  the  two  ranges  in  temperature 
is  due  to  the  fact  that  the  tissue  which  can  be  influenced  comes  closer 
to  the  surface  in  the  S-A  junction  as  compared  to  other  r^ons,  we 
do  not  know.  We  doubt  whether  such  a  criticism  could  be  maintained 
when  the  fact  is  considered  that  the  tissue  in  the  sinus  and  the  veins 
is  so  thin,  and  ot^bt  to  be  easily  influenced  if  there  were  no  special 
mechanism  for  the  initiation  of  the  impulse.  The  problem  of  change 
in  positioD  of  the  pacemaker  must  be  investigated  in  another  way,  at 
present  best  by  the  electronegative  method. 

Our  results  with  the  wider  range  of  temperature  indicate  that  a 
new  seat  of  impulse  formation  in  the  region  heated  is  produced  by  in- 
creasing the  automaticity  in  this  region.  In  the  location  of  a  cardiac 
pacemaker  by  warming  it  would  seem  to  be  important  that  the  tem- 
perature range  be  small. 

2.  ContractilUy  and  rhythmidly.  Engelmann  emphasizes  the  fact 
that  the  veins  had  the  power  of  contractility  to  a  high  degree,  and  that 
their  power  of  rhji.hmicity  was  similar  to  that  of  the  sinus.  We  be- 
lieve that  the  ranges  in  temperature  have  revealed  differences  in 
rhythmicity  The  S-A  junction  which  probably  does  not  contract 
at  all  is  most  rhj'thmical.  In  their  observations  on  dying  mammalian 
hearts  by  the  electronegative  method  Eyster  and  Meek  (9)  say,  "This 
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i  possible  differentistion  of  the  propertiefl  of  automatinty 
and  contractility  in  certain  regions  of  the  heart.  Our  results  merely 
show  that  impulse  initiation  (automaticity)  may  be  present  to  almost 
normal  extent  (as  judged  by  the  rate  of  impulse  formation)  in  regions 
in  which  contractility  is  greatly  reduced  or  possbily  absent." 

3.  Cauterization.  In  r^ard  to  the  slow  rate  of  the  heart  after  sear- 
ing we  assume  that  less  automatic  portions  became  effective.  Loh- 
mann  (10)  was  the  first  to  conclude  that  abolition  of  the  fvimary 
pacemaker  in  the  mammalian  heart  made  the  activity  take  place  in 
the  A-V  boundary,  and  his  work  has  been  confirmed  by  (C  number  of 
workers.  They  have  noted  that  as  long  aa  the  sinus  node  was  not 
badly  injured  it  could  again  temporarily  take  up  the  function  of  im- 
pulse formation.  ITiis  is  apparently  what  happened  in  Experiment 
XXI,  where  for  periods  the  slow  rhythm  was  replaced  by  a  faster  one, 
or  when  wanning  the  remain  s  of  the  sino-auricular  nodal  tissue  the 
latter  was  made  more  sensitive,  and  losing  its  depression,  again  assumed 
automaticity.  No  stoppage  of  the  heart  occurred,  as  so  often  happens 
in  the  mammalian  heart,  but  there  is  such  a  mass  of  special  tissue  present 
in  the  cold-blooded  heart,  in  the  shape  of  the  entire  sinus  venosus 
especially,  that  it  seems  as  if  there  would  always  be  some  bit  that 
would  remain  effective. 

4.  EUctrical  atimuloHon.  Attention  has  been  called  to  the  fact 
that  a  difference  in  results  ensues  when  the  strength  of  direct  electrical 
stimulation  is  varied  The  fact  that  a  minimal  strength  is  effective 
in  only  one  r^on,  the  S-A  junction,  is  s^nificant.  Gaskell  (10)  ven- 
tured  the  assumption  that,  "The  probabiUty  is  great  that  the  automatic 
rhythm  of  all  parts  of  the  heart  can  be  inhibited  by  the  vagus  nerves, 
when  those  nerve  fibers  are  stimulated  which  supply  directly  the  mus- 
cular fibers  upon  which  the  automatic  rhythm  in  question  depends." 
Flack  (11)  in  "An  investigation  of  the  sino-auricular  node  of  mammalian 
heart"  obtained  marked  inhibition  of  both  auricles  and  ventricles  with 
weak  stimulation  of  the  node,  but  at  no  other  point.  We  have  data, 
to  be  reported  later,  which  seem  to  indicate  that  the  vagal  endings 
exert  great  influence  at  the  S-A  jimction.  The  S-A  node  when  function- 
ing as  pacemaker  in  the  manamalian  heart  has  been  shown  to  be  inti- 
mately related  with  the  vagi,  and  this  seems  to  be  true  in  the  cold- 
blooded heart  also. 

5.  Localization  of  the  pacemaker  after  drug  application.  MacWilliam 
and  Engelmann  obtained  their  results  on  atropinised  as  well  as  normal 
animab.     Our  results  were  identical  after  the  use  of  solutions  of  atro- 
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pine,  apocodeine,  and  nicotine  (to  eliminate  nerve  influences  as  far  as 
possible),  in  that  the  pacemaker  was  still  in  the  S-A  junction.  It  was 
noted  that  a  higher  temperature  was  needed  to  get  results,  indicating 
that  the  tissue  had  been  depressed  by  the  druga. 

Condution.  Elrlanger  in  particular  has  voiced  the  view  that  the 
3-A  node  in  the  mammal  cannot  reasonably  be  considered  as  the  seat 
of  impulse  formation  unless  the  same  were  true  of  the  homologous 
structure  in  the  cold-blooded  animal.  The  S-A  junction  in  the  cold- 
blooded forms  has  been  shown  to  be  mostly  nodal  tissue.  Meek  and 
Eyster  (5)  have  shown,  as  we  have  also,  that  the  cardiac  impulse  origi- 
nates in  this  definitely  localized  position  in  the  turtle's  heart,  so  that 
there  is  no  more  a  distinction  between  cold-  and  warm-blooded  hearts 
from  this  standpoint.  "All  vertebrate  forms  aeem  to  agree  in  having 
the  pacemaker  of  the  heart  located  at  the  sino-auricular  junction  in 
masses  or  nodes  of  specialized  tissue"  (5).  The  rationalism  demanded 
by  Erlanger  and  others  has  therefore  been  justified. 


1.  (a)  Slight  warming  or  cooling  of  the  right  sino-auricular  junction 
or  the  parts  adjacent  to  it,  usually  on  the  dorsal  aspect,  will  increase 
or  decrease  the  rate  of  the  heart  respectively.  This  change  is  pro- 
duced only  at  this  spot  with  a  temperature  range  of  35  to  40°C. 

(b)  With  a  temperature  range  of  45  to  SS'C.  a  number  of  points 
on  the  sinus  and  veins  could  be  influenced  to  produce  a  change  in  rate 

(c)  In  locaUzation  of  a  primary  pacemaker  by  the  temperature 
method  the  temperature  range  should  be  close  to  normal. 

i.  The  application  of  atropine,  apocodeine,  and  nicotine  does  not 
abolish  the  influence  of  temperature  at  the  junction. 

3.  Stimulating  the  junction  directly  by  a  minimal  electrical  current 
will  slow  or  stop  the  heart — and  only  at  the  junction.  A  stroi^r 
current  applied  to  a  number  of  points  in  the  sinus  and  veins  will  slow 
or  stop  the  heart. 

4.  The  primary  pacemaker  in  the  turtle's  heart  has  been  shown  to 
be  in  a  definitely  localized  portion,  and  not  the  whole  sinus  venosus. 
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IN  IRRITABLE  TISSUES 

III.   E^LECTBOLTTIC  LoCAL  ACTIOK  AS  THE  BaSIB  OF  PBOPAQATION  OW 

THE  Excitation-Wave 
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In  my  two  recent  papers  on  conduction'  I  have  advanced  the  theoiy 
that  the  transmission  of  the  excitation-state  from  the  immediate  site 
of  activity  to  the  adjoining  resting  areas  is  dependent  on  an  dedrical 
local  action  of  the  same  essential  nature  as  that  which  is  responsible 
for  the  et4;hing  or  corrosion  of  non-homogeneous  metallic  surfaces 
(e.g.,  of  iron)  in  contact  with  an  electrolyte  solution.  Under  such 
conditions — as  is  now  well  established — local  couples  are  formed  be- 
tween those  adjoining  portions  of  the  metallic  surface  which  differ  in 
composition  or  physical  condition  and  hence  in  solution-tension,  one 
region,  that  of  higher  solution-tension,  forming  the  local  anode, 
the  other  the  local  cathode.  These  local  areas  are  the  seat  of 
electrolytic  effects;  at  the  local  anode  (where  the  positive  stream 
enters  the  solution)  the  metal  undergoes  solution  and  chemical  altera- 
tion (rusting  in  the  case  of  iron),  while  at  the  cathode  hydrogen  (or 
other  cation  of  similarly  low  solution-tension)  is  usually  evolved  and 
alkali  set  free.  This  cathodal  deposition  of  hydrogen  may  incidentally 
have  a  polarizing  effect  and  limit  the  current,  hence  the  favorability 
of  free  oxygen  or  other  depolarizing  agent  to  the  corrosive  process, 
which  is  thus  essentially  electrolsrtic  in  nature.'    The  existence  of 

■This  Journal,  1914,  xxidv,  414;  1915,  xxxrii,  34S. 

'  This  theory  is  originally  due  to  Faraday  and  de  la  Rive:  "The  whole  aubjeot 
of  corrosion  ia  therefore  an  electrochemical  one,  and  the  rate  of  corroaion  is  aim- 
ply  A  function  of  electromotive  force  and  resistance  of  circuit"  (Whitney:  Joum. 
Amer.  Chem.  Soc.,  1903,  xxv,  39i).  The  literature  is  very  large;  some  of  the 
more  important  recent  papera  are  cited  below.  For  a  diacuaaton  of  the  part 
played  by  depolariiing  agenta  (in  relation  eapecially  to  the  practical  problem 
of  protecting  iron  from  mat)  e/.  Walker  and  Lewis:  Journ.  Ind.  and  Eogin.  Chem., 
1909,  i,  764. 
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these  local  chemical  effects  may  be  most  reatiily  demonstrated  in  the 
case  of  iron  by  the  use  of  the  "terroxyl"  reagent  of  Walker,-*  this  is 
a  solution  containing  phenolphthalein  and  fenicyanide  and  thickened 
by  gelatine  to  retard  diffusion;  when  this  reagent  is  applied  to  the 
surface  of  ordinary  iron,  the  anodic  areas  turn  blue  (from  iron  fenicya- 
nide) and  the  cathodic  areas  red  (from  the  alkaU  set  free).  Such  local 
areas  are  more  numerous  in  non-homogeneous  than  in  homogeneous 
specimeoB  of  iron;  the  reason  why  the  former  rust  so  much  more  readily 
thus  becomes  clear.  Rusting  is  in  fact  due  chiefly  to  the  electrolytic 
action  of  local  circuits  ;'BUch  circuits  are  naturally  more  numerous  when 
the  surface  has  an  irregular  compoeitioQ,  with  regions  of  lower  and 
higher  solution-tension.  This  is  why  perfectly  pure  iron  is  so  remark- 
.  ably  resistant  to  corrosion.*  Other  conditions  than  simple  chemical 
purity  may  however  enter  as  factors ;  thus  r^ons  of  mechanical  strain 
have  usually  higher  solution-tension  than  unstrained  regions,*  hence 
local  mechanical  treatment  or  pressure  may  cause  rusting  in  pure  iron;* 
the  peculiar  condition  known  as  "passivity"  may  also  play  a  part.' 
The  dependence  of  rusting  on  local  electrolytic  action  is  further  shown 
by  the  rust-preventing  effects  of  contact  with  metals  of  higher  solu- 
tion-tension than  iron,  such  as  zinc;'  in  this  case  the  sine  forms  the 
anode,  the  iron  the  cathode,  and  oxidation  of  the  latter  is  prevented, — 
hence  the  use  of  sine  stripe  to  protect  boiler-tubes,  propellers  and  other 
iron  parts  from  corrosiou.  Conversely,  contact  with  nobler  metals 
accelerates  the  corrosion ;  in  this  case  the  iron  is  the  anode  or  dissolv- 

■  Wklker,  Cederholm,  and  Bent:  Joum.  Amer.  Cbem.  Soc.,  1907,  xxix,  1251. 

<  C/.  Ijunb«rt  and  Thomson:  Joum.  Cbmt.  Soe.,  1910,  icvii,  Truis.,  2436; 
Dunstu  and  Hill:  Ibid.,  scix,  1S3S;  Lambert:  Ibid.,  1912,  ei,  SOSfl;  Walker:  Loe. 
eil. 

*Cf.  Deach's  Metallography  (in  Ramaay's  seriea  of  Textb.  of  Phjs.  Chem.), 
1913,  28«  *«q.;  Spring:  Bull.  Acad.  Roy.  Belg-,  1W3,  1066;  Lambert:  Loe.  dl. 

*  See  the  inotancea  cited  in  Deech'a  Metallography,'  lAmbert:  Loe.  eil.  Cad- 
mium ia  eapecially  aenaitire  to  mechanical  treatment;  nibbing  the  aurface  of  a 
piece  of  this  metal  makes  the  latter  the  anode  when  compared  with  an  untreated 
speoimeo. 

>C/.  Mugdan:  Zeitschr.  f.  Elektrochem.,  1903,  ix,  442;  Dunstan  and  Hill: 
Joum.  Chem.  Soc.,  1911,  xcix,  1835;  Lambert:  Loe.  eil.;  Grave:  Zeitachr.  f.  phjra. 
Chem.,  1911,  Ixxvii,  613;  MacLeod-Brown:  Chem.  Newa,  1913,  cvii,  14;  Grube: 
Chem.  N«wa,  1913,  cviii,  259,  271,  283. 

*  For  experiments  illuatrating  this  effect  c/.  Dunatan,  Jowett,  and  Qoulding: 
Jouro.  Chan.  Soc.,  1905,  Ixxxvii,  Trana.,  1548. 


r>' Google 


128  R&LPH   8.    LILLIB 

ing  electrode;  accordingly  tin-plated  or  nickel-plated  iron  rapidly 
niets  wherever  the  outer  coating  is  broken  through.* 

It  is  obvious  that  these  facts  have  a  highly  general  bearing;  th^ 
apply  in  greater  or  less  degree  to  all  metallic  surfaces  in  contact  wi^ 
electrolytes;  and  since  all  such  effects  depend  primarily  on  the  electro- 
motor propertiesof  the  surfaces — i.e.,  their  ion-combining  or  ion-liberat- 
ing power — ^they  must  apply  also  to  other  surfaces,  non-metallic  in 
character,  which  have  analogous  electromotor  properties — in  all  proba- 
bility to  aU  phase-boundaries  across  which  ionic  transfer  of  electricity 
is  possible. 

The  intimate  bearing  of  these  and  similar  facts  upon  the  conditions 
existing  at  the  surface-films  of  living  cells  is  plain.  In  my  second  paper 
I  compared  the  living  irritable  element  with  an  iron  wire  covered  by  a , 
homogeneous  film  of  pure  zinc  and  immersed  in  an  electrolyte  solution  ;"* 
such  a  wire  is  in  chemical  and  electrical  equilibrium  and  shows  no  change. 
But  any  interruption  of  the  zinc  coating  sets  up  a  local  iron-sine  couple, 
and  chemical  and  electrical  effects  at  once  result.  The  case  of  the 
film-covered  surface  of  mercury  in  hydrogen  peroxide  solution  (in  the 
rhythmical  catalysis  of  Bredig)  is  essentially  similar,  and  offers  closer 
biological  analogies;  here  the  local  electrolytic  process  initiated  by 
the  local  interruption  of  the  film  causes  the  dissolution  of  the  film- 
substance,  and  hence  the  effect  is  propagated  over  the  whole  surface 
of  the  mercury."  Similarly  in  the  resting  irritable  dement,  e.g., 
nerve-fibre,  the  unaltered  plasma-membrane  represents  a  homogeneous 
surface-film  of  uniform  dectromotor  properties;  the  local  stimulating 
agent  causes  locally  a  change  in  the  electrical  condition  of  the  surface; 
the  potential-difference  between  protoplasm  and  medium  is  decreased 
at  that  point  (in  consequence  apparently  of  the  increased  permeability 
of  the  film),  and  a  local  couple  arises,  with  the  current  Sowing  in  the 
external  medium  from  the  unstimulated  to  the  stimulated  r^on. 
According  to  the  hypothesis  advanced  in  the  paper  cited,  this  local 
circuit,  having  once  originated,  produces  effects  similar  to  those  of 
any  other  electrical  current  upon  the  adjoining  portions  of  the  irritable 
element;  at  the  still  resting  r^ions  the  direction  of  the  current  enter- 
ing the  cell-surface  from  the  external  medium  is  such  as  to  cause  local 

*  He  effect  of  contact  of  carefully  purified  iroa  with  a  aoble  metal  (platinum) 
is  well  shown  in  experimente  by  W.  A.  Tilden:  Journ.  Chem.  Soc.,  1908,  xoiii, 
Trans.,  tSGS. 

"Loc.  cit.,  367. 

■■  Antropoff:  Zeitachr.  f.  phys.  Chem.,  1907,  Ini,  913. 
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depolftmation,"  an  effect  resulting,  if  sufficiently  intenae,  in  stimulation. 
This  secondarily  stimulated  region  produces  aimilar  effects  at  the  re- 
gion beyond;  hence  the  excitation-effect  spreads,  at  a  rate  proportional 
to  the  rate  of  development  of  the  local  current  and  the  maximal  dis- 
tance (from  the  original  area  of  excitation)  through  which  its  stimulate 
ing  effect  is  felt. 

This  theory,  which  I  propose  to  call  "the  local  action  theory"  of 
conduction,  evidently  assumes  that  the  electromotor  properties  of  the 
protoplasmic  surface-film  are  determined  by  conditions  which  are 
fundamentally  similar  to  those  governing  the  electromotor  phenomena 
at  metaUic  surfaces.  That  this  is  actually  the  case  is  clearly  indicated 
by  the  observations  of  Macdonald,"  Loeb  and  Beutuer,"  and  BeutneH* 
oa  hving  cells,  organic  membranes,  and  solutions  of  lipoids  in  organic 
solvents.  The  surfaces  of  such  systems  behave  as  if  reversible  to 
cationa  as  a  class,  and  the  law  of  Nemst  applies;  any  such  surface  must 
therefore  be  regarded  as  possessing,  like  a  metal,  an  electrolytic  solu- 
tion-tension,— one,  however,  which  presumably  varies  with  the  physi- 
cal and  chemical  condition  of  the  surface-film."  Variations  in  the 
solution-tension  of  such  a  protoplasmic  surface-film  would  produce 
essentially  the  same  electrical  effects  as  variations  in  the  solution- 
tension  of  a  metallic  surface.  Local  alteration  of  the  oell-surface  would 
thus  give  rise  to  local  electrical  circuits;  these,  like  other  currents, 
would  exert  stimulating  and  inhibiting  influences  on  adjacent  portions 
of  the  cell,  or  possibly  on  neighboring  cells.  In  the  present  paper 
I  wish  to  pursue  this  comparison  in  further  detail,  and  to  call  attention 
to  certain  other  analf^es  between  the  phenomena  of  local  action  at 
metallic  surfaces  and  at  the  suifaces  of  living  cells. 

In  the  irritable  Uving  element  the  local  effect  differs  from  that  in 
the  metal  in  being  evanescent,  and  in  being  propagated  quickly  from 
the  original  site  of  disturbance;  i.e.,  the  change  at  the  excitation-area 
is  there  immediately  reversed,  and  is  transmitted  with  greater  or  less 
rapidity  to  adjoining  regions;  in  other  words,  it  spreads,  at  a  rate  de- 

"  Cf.  p.  362  of  my  paper  cited. 

"Macdonald:  Proc.  Roy.  Soc.,  1900,  Ixvii,  325. 

"Loeb  and  Beutner;  Biochem.  ZeJtBchr.,  1912,  xli,  1;  xliv,  303;  1913,  ti,  288. 

■*  Beutner:  Zeitschr.  f.  Elektrochem.,  1913,  xix,  319,  467;  Tr&iu.  Amer.  Elec- 
trochem,  Soc.,  1913,  xxiii,  401;  this  Journal,  1913,  xxxi,  343. 

■*  This,  honrever,  is  also  true  for  metals ;  witness  the  difference  between  active 
and  passive  iron,  the  two  varieties  of  tin  or  chromiim),  strained  and  unstrained 
metals. 
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termined  by  the  temperature,  the  composition  of  the  medium,  and  the 
Bpecific  peculiaritiea  of  the  tissue.  The  problem  of  the  physico-chemi- 
cal basis  of  this  "conduction"  requires  for  its  solution  a  determination 
of  the  general  conditions  under  which  surface-changes  of  this  kind 
spread  from  active  to  inactive  regions,  whether  in  a  living  cell  or  an 
inoi^anic  system. 

It  is  first  to  be  noted  that  spreading  effects,  showing  in  many  ways 
close  analogies  with  those  of  living  tissues,  are  frequently  met  with 
in  simple  inorganic  systems  of  the  above  class.  The  case  of  the  film- 
covered  mercury-surface  in  hydrogen  peroxide  solution  is  an  instance 
wbich  I  have  already  cited  in  former  papers."  Other  interesting  analo- 
gies are  seen  in  the  spreading  of  the  "active"  condition  over  the  sur- 
face of  "passive"  iron  or  other  sinular  metal  in  consequence  of  a  local 
alteration  which  may,  as  in  the  case  of  living  tissues,  be  of  a  mechanical, 
chunical,  or  electrical  kind.  The  passivity  is  thus  locally  destroyed, 
and  the  effect  spreads  over  the  whole  surface.  This  phenom^ion  is 
thus  described  by  Dunstan  and  Hill.'*  Iron  in  the  passive  state  dif* 
fers  from  normal  iron  in  not  being  attacked  by  nitric  acid  (B.g.1.2),  but 
remains  bright  and  unaffected  in  the  solution;  it  is  however  at  once 
attacked  if  touched  with  a  piece  of  active  iron,  or  scratched  with  a 
glass  rod;  the  action  then  visibly  spreads  from  the  point  of  contact 
over  the  whole  surface.  Similarly  a  solution  of  CuSO^  (0.5  per  cent) 
deposits  a  film  of  copper  on  active  iron,  but  not  on  passive  iron,  which 
remains  bright  until  touched  with  active  iron  or  scratched;  the  film 
of  copper  can  then  be  seen  to  spread  from  the  region  of  contact.  A 
mechanical  jar  is  often  sufScieDt  to  activate  a  piece  of  passive  iron,  or 
local  bending  or  pressure;'*  electrical  currents,  especially  if  of  high  den- 
sity, may  have  a  similar  effect.***    In  all  of  these  effects  the  destruction 

"This  Jounwl,  1900,  indv,  18;  1914,  xxav,  426;  Popular  Sci.  Monthly,  1913, 
161. 

'■Dimatan  utd  Hill:  Joum.  Chem.  Soc.,  1911,  xctx,  Trana.,  1S3S,  1853.  See 
also  Lambert's  deacriptioa  of  the  behavior  of  pure  iron  in  Bolutiooa  of  copper 
ulta;  copper  is  only  slowly  deposited  on  pure  iron  from  dilute  CuCli  solutions; 
dull  spol«  appear  on  the  bright  surface  of  the  iron  and  the  effect  spreads  quickly 
(p.  2D70).  Similarly  spots  of  rust  on  a  bright  iron  surface  tend  to  spread,  the 
.  deposit  having,  as  it  were,  an  autocatalytic  inSuenM.  The  rusted  region  acts 
as  cathode  relatively  to  the  unrusted  regions  which,  as  anodes,  tend  to  dissolve, 
etc. 

"  Cf.  Dunstan  and  Hill:  Xjoc.  «(.;  also  Lambert:  toe.  cil. 

"  Cf.  Hayden:  Joum.  Franklin  Inst.,  1911,  295.  Active  chromium  is  ren- 
dered pasuve  by  having  a  strong  current  pass  through  it  as  anode  (Le  Blanc: 
Zeitschr.  f.  Elektrochem.,  1900,  ri,  473).  The  same  is  true  of  nickel,  and  appar- 
ently also  of  iron  (Le  Blanc:  Boltsmann  Festachr..  183). 
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of  paesivity  and  the  tr&nfltnisBion  of  the  active  condition  are  almoet 
certainly  due  to  an  alteration  of  solution-tension  and  the  formation 
of  local  electrolytic  couplee.  Passive  iron  has  a  lower  electrolytic 
solution-pressure  than  active  iron."  The  activated  region  thus  be- 
comes the  anode  in  the  local  circuit;  the  region  still  passive  is  the  cath- 
ode; the  current  thus  passing  alters  the  condition  at  the  temporary 
cathodal  areas  which  are  thus  rendered  active — possibly  by  the  nas- 
cent hydrogen  there  freed— and  eo  the  effect  spreads  until  the  whole 
surface  is  activated.  The  transmission  of  activation  in  metals  is 
thus  due  to  electrical  conditions, — just  as  in  the  living  system,  accord- 
ing to  the  present  theory.  Both  effects  may  in  fact  be  r^arded  as 
autocatalyses  of  a  special  kind. 

This  brief  description  does  not  pretend  to  discuss  tite  phencnnena 
of  activation  and  passivation  in  metals  in  any  detail,  but  merely  to 
call  attention  to  the  more  important  biological  analogies.  The  spread- 
ing of  ttke  effects  of  stimulation  or  other  local  alteration  is  one  of  the 
most  characteristic  peculiarities  of  living  Efystems;  it  is  in  fact  essen- 
tial to  any  form  of  stimulation.  In  any  such  process  a  prop^ated 
disturbance**  is  set  up  by  some  form  of  local  alteration ;  in  this  way  the 
whole  cell  or  element  is  activated.  .  The  local  action  theory  attributes 
this  effect  to  the  formation  of  a  local  circuit  at  the  original  site  of  altera- 
tion; by  the  action  of  this  circuit  the  altered  condition  is  automatically 
transmitted  to  adjoining  r^ons.  Some  of  the  most  striking  recent 
examples  of  such  tranamission  are  afforded  by  the  observations  of 
Kite  and  Chambers  on  the  effects  following  puncture  or  tearing  of 
the  surface-layers  of  various  cells  by  microscopic  glass  needles.  A 
leucocyte  or  red  blood  corpuscle  thus  locally  injured  undergoes  rapid 
and  complete  dissolution;**  many  other  cells  show  similar  changes;** 
the  effect  of  the  local  injury  spreads  from  the  altered  region  over  the 

"LeBlanc:  Boltmiuia  FestMhr..  1904,  183;  Mugdan:  Zeitschr.  f.  Elektro- 
dtem.,  1903,  ii,  442;  Grave:  Zeitschr.  t.  phyg.  Chem.,  1011,  Ixxvii,  513;  MacLeod-'' 
Brown:  Chem.  News,  1013,  cvii,  14;  Grube:  Chem.  News,  1913,  cviii,  259,  271,  283. 

**  Thia  term  of  Keith  Lucu  (Joum.  Physiol.,  1012,  xliv,  68)  is  applicable  not 
only  to  the  transmiasioa  of  the  excitation-eta te,  but  also  to  the  ipreading  of  the 
effects  of  local  injury  in  cells  (about  to  be  described),  u  well  aa  to  the  propaga- 
tion of  the  active  state  over  the  surface  of  passive  metala. 

•>  Chambera:  Lancet-Clinic,  March  27,  1915;  ef.  also  Oliver:  Sci.,  1914,  N.  S., 
xl,  645. 

"Kite  describes  such  effects  for  Amteba  and  Paramecium  (this  Journal, 
1*13,  xxni,  146);  Chambers  for  the  gem  cells  of  insects  (Sci.,  1014,  N.  8.,  xl, 
824;  1015,   xli,  200). 
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entire  cell-eurface;  Bometimes  the  entire  celt  goes  into  solution  with 
almost  explosive  rapidity.'*  It  is  clear  that  the- local  injury  initiates 
a  disturbance  which  is  rapidly  propagated  and  results  in  the  destruc- 
tion of  the  osmotic  properties  of  the  whole  surface-film;  Chambers 
observes  that  when  a  red  corpuscle  is  punctured  the  haem<^obin 
diffuses  out;  "it  is  significant  that  the  outflow  of  the  haemoglobin 
does  not  take  place  only  at  the  punctured  spot,  but  over  the  entire 
surface  of  the  corpuscle.""  In  such  phenomena  we  have  instances  of 
transmission  of  an  altered  condition  of  the  surface-film — involving 
evidently  a  marked  increase  of  permeabiUty — which  are  probably 
identical  in  their  general  characters  with  the  transmission  of  the  normal 
excitation-state  in  irritable  elements.  Both  phenomena  represent 
special  instances  of  protoplasmic  conduction,  although  in  the  one 
case  reversible,  in  the  other  irreversible,  effects  are  produced.  The 
analogies  to  the  transmission  of  the  altered  state  of  the  metallic  sur- 
face in  the  above  cited  experiments  of  Dunstan  and  Hilt  are  evident. 
In  both  cases  we  have  to  do  with  "spreading  phenomena"  initiated 
by  a  local  alteration;  in  the  case  of  the  metal  the  effect  is  clearly  due 
to  electrical  circuits  resulting  from  local  changes  in  the  electromotor 
properties  of  the  surface;  the  same  is  the  case,  according  to  the  present 
theory,  in  the  transmission  of  the  effecte  of  local  alteration  of  the  cell- 
surface. 

In  the  case  of  metab  the  conditions  determining  the  rate  at  which 
the  activation-effect  is  transmitted  have  not  yet  been  fully  ascertained ; 
but  it  is  evident  that  since  the  local  electrolytic  process  is  the  primary 
feature  of  the  whole  phenomenon,  the  rate  of  this  process  must  detet- 
mine  the  rate  of  transmission.  The  velocity  of  the  electrolytic  process 
in  any  such  local  couple  (or  in  a  galvanic  cell  of  any  kind)  depends 
(1)  upon  the  potential-difference  between  the  anodic  and  cathodic 
areas  {».«.,  the  difference  between  the  electrolytic  solution-pressures 
at  the  two  r^ons),  and  (2)  upon  the  electrical  resistance  of  the  cir- 


V  is  the  velocity  of  solution  of  the  metal  (e.g.,  iron)  at  the  local  anode,'f 
a  proportionality  factor,  x  the  conductivity  of  the  adjoining  solution, 
e  the  potential-difference,  and  C  the  resistance-capacity  of  the  arrange- 

"C/.  Kite:  Loc.  cit.,  156;  Chamberer  hoa.  at.,  1915. 

"Chambers:  Proc.  Amer.  Assoc.  Aaatomista  (abstract  in    Anat.  Record, 
1916,  X.  190). 
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meat  (t.e.,  the  reaatance  attained  while  the  reaction  iB.proceeding*0- 
If,  as  we  must  assume,  the  local  electrolytic  process  has  to  reach  a 
certain  stage  before  the  effect  is  transmitted  to  adjoining  areas,  the 
rate  of  this  transmission  will  also  depend  upon  the  same  conditions, — 
*'.«.,  will  be  proportional  to  the  rate  of  the  local  action.  This  explains 
why  the  tranamissiou  of  the  active  state,  as  well  as  the  rate  of  corro- 
sion in  general,  is  more  rapid  in  electrolyte  solutions  than  is  pure  water.** 
In  a  conducting  tissue  like  nerve  analogous  conditions  must  be 
presumed  to  enter.  The  intensity  of  the  local  effect  will  depend  upon 
the  potential-difference  (equivalent  to  difference  of  electrolytic  solu- 
tion-tension)  between  the  active  and  the  inactive  areas,  and  upon  the 
electrical  conductivity  of  the  circuit.  As  I  pointed  out  in  my  last 
paper,  the  intensity  of  the  current  traversing  the  cell-eurface  at  a 
point  R,  distant  by  the  interval  SR  from  the  original  point  of  stimula- 
tion S  (which  corresponds  to  the  local  cathode  in  the  wire  model), 
is  dependent  on  the  resistance  of  this  part  of  the  circuit.**  Hence 
if  a  certain  critical  intensity  of  current  is  required  for  local  stimulation 
at  any  point,  the  rate  at  which  the  excitation-effect  is  transmitted 
from  the  excited  r^on  5  to  an  adjacent  unexcited  rc^on  R  should 
depend  upon  the  electrical  resistance  of  the  circuit  formed  by  the 
intervening  stretch  of  irritable  element  and  the  medium  bathing  it. 
A  relation  of  direct  proportionaUty  should  thus  exist  between  the 
electrical  conductivity  of  the  medium  and  the  rate  of  propagation  of 
the  excitation-wave.  Whether  or  not  such  a  relation  is  general  in 
conducting  tissues  has  not  yet  been  systematically  investigated.  The 
recent  observations  of  Mayer,*"  however,  on  the  rate  of  conduction  in 
the  nerve-net  of  the  medusa  Cassiopeain  dilute  sea-water,  seem  to  exem- 
plify clearly  just  this  kind  of  relationship — although  not  interpreted  by 
Mayer  himself  in  this  sense.  The  paralleUsm  between  the  rate  of 
propagation  of  the  contraction-wave  and  the  electrical  conductivity 
of  the  medium  (with  dilutions  ranging  from  5  to  50  volumes  per  cent 
distilled  water)   is  remarkably  close.     In   any  such  investigation  a 

*' Erieson-Aur^n  and  Palmaer:  Zeitachr.  f.  phyn.  Cbem.,  1901,  xxxii,  1.  Cf. 
also  the  other  papers  of  tbeee  authon:  Ibid.,  1903,  xlv,  182,  and  1906,  Ivi,  689. 

*•  Cf.  DunBtu)  and  Hill;  Loc.  ctt.,  1858.  For  the  relation  between  the  con- 
ductivity of  the  medium  and  the  rate  of  corrosion  ef.  also  Ericaon-Aurin  and 
Palmaer,  Whitney,  Lambert  and  Walker  in  the  papers  above  cited. 

"Loc.  cit..  360. 

I,  270  and  1916,  ii,  37;  this  Jour- 
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tissue  whose  properties  are  not  ess^itially  altered  by  considerable 
changes  in  the  osmotic  pressure  of  the  medium  is  needed,  and  the 
physiological  balance  of  the  salts  in  the  medium  should  remain  un- 
changed. These  conditions  are  apparentlymet  inMayer's  experiments; 
and  it  seems  highly  probable  that  the  diminished  rate  of  physiological 
conduction  observed  by  him  in  dilute  sea-water  is  a  direct  consequence 
of  the  diminished  electrical  conductivity  of  the  medium  and  of  the 
protoplasm."  This  is  the  result  which  the  local  action  theory  of  c(mi- 
duction  would  lead  us  to  expect.  Further  investigation  of  this  re- 
lationship in  a  variety  of  conducting  tissues  is  however  needed,  and 
I  hope  before  long  to  be  able  to  present  further  data  on  this  subject. 
In  the  transmission  of  the  state  of  excitation  from  the  active  to  the 
adjoining  inactive  regions  in  a  conducting  element  like  a  nerve-fibre, 
the  conditions  appear  to  be  essentially  the  same  as  in  the  spreading 
of  the  altered  condition  of  the  surface-film  in  the  above  cited  experi- 
ments of  Kite  and  Chambers.  The  two  processes  differ  however  in 
that  the  rate  of  transmission  in  the  irritable  element  is  usually  much 
higher,  and  the  effect  at  the  active  region  is  transitory,  i.e.,  the  changes 
associated  with  excitation  (negativity  and  increased  permeability) 
are  rapidly  and  automatically  reversed  when  the  wave  of  excitation 
reaches  any  r^on  of  the  element.  Thus  in  the  typical  irritable  ele- 
ment like  nerve  the  local  excitation-process  is  automatically  self* 
Hmiting.  The  high  velocity  of  transmission  is  apparently  a  fimction 
of  high  irritability — i.e.,  promptness  and  rapidity  of  local  change, 
and  great  sensitivity  to  variations  of  surface-polarization — and  its 
conditions  have  been  discussed  in  the  first  paper  of  this  series.    With 

"  Mayer  believes  that  the  rate  of  oerve  conductioD  is  proportional  to  the 
quantity  of  ions  adtorbed,  rather  than  to  the  concentration  of  ions  in  solution. 
In  the  formula  which  he  finds  best  to  agree  with  his  observations  (y  <■  2.612  x*\  p 
being  the  rat«  of  conduction,  and  z  the  concentration  of  Na,  Ca  and  K  iona  in 
solution  in  the  medium),  the  assumed  adsorption  exponent,  O.S,  is  so  near  unity 
that  the  assumption  of  a  direct  proportionality  between  the  rate  of  conduction 
and  the  concentration  of  ions  in  solution— i.e.,  the  electrical  conductivity — 
gives  an  almost  equally  good  agreement  with  observation.  Possibly  the  dilute 
aea-water  may  somewhat  impair  the  tissue  and  account  for  the  slight  deviation  . 
from  direct  proportionality  with  moderate  dilutions;  at  dilutions  above  50  per 
cent  the  rate  of  conduction  falls  off  much  more  rapidly  than  the  electrical 
conductivity. 

It  may  be  pointed  out  that  the  need  for  salts  in  the  protoplasm  and  media 
of  irritable  tissues  is  in  all  probability  largely  an  expression  of  this  need  for  elec- 
trical conductivity  (c/.  the  first  paper  of  this  series,  this  Journal,  tSH,  xxxiv,  429). 
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regard  to  the  self-limitiiig  cbaracteristic,  there  is  every  indication  that 
this  is  at  bottom  nothing  but  an  expression  of  the  well-known  p<^ 
action  of  the  electrical  current  upon  such  tissues, — t.e.,  inhibition  where 
the  current  enters  the  elunent  (at  the  anode  of  the  electrodes  from  an 
external  source  of  current),  and  stimulation  where  it  leaves.  As  shown 
in  the  diagram  on  page  362  of  my  last  paper,  the  current  of  the  local 
active-inactive  circuit  has  such  a  direction  that  at  the  original  siteof 
excitation  the  positive  stream  enterg  the  cell-surface  from  the  medium, 
while  at  adjoining  regions  (not  yet  excited)  it  leaoea.  Since  there 
is  no  reason  to  believe  that  a  self-generated  current  will  have  different 
effects  upon  a  tissue  from  one  reaching  the  latter  from  outside,  we  must 
conclude  that  the  local  current,  having  once  or^inated,  itself  inhibits 
the  excitation  at  the  active  area,  in  addition  to  initiating  excitation  at 
the  adjoining  inactive  areas.  This  process  is  automatically  repeated 
at  the  new  region  of  excitation,  and  so  the  effect  is  transmitted  as  a 
wave  over  the  whole  element.  The  present  hypothesis  therefore 
simply  assumes  that  the  action-currents  themselves  influence  the  ac- 
tivity of  the  tissues  by  which  they  are  generated — and  also  probably 
that  of  adjacent  cells  and  tissues'* — and  that  this  influence  is  of  the 
same  nature  as  that-  exerted  by  electrical  currents  in  general,  what- 
ever their  source.  If  this  is  granted,  the  immediate  inhibition  of  ac- 
tivity at  the  original  sit^  of  activity,  and  its  initiation  at  the  adjoining 
regions,  will  be  seen  to  be  automatic  and  necessary  consequences  of 
local  activity  in  any  irritable  element  having  the  properties  of  a  nerve- 
fibre.  Any  local  electrical  circuit  in  a  system  with  such  properties 
will  of  necessity  locally  limit  itself  and  be  transmitted  to  adjacent 
regions.  Hence  a  wave  of  electromotor  variation  travels  along  the 
surface  of  the  irritable  element. 

It  should  be  noted  that  this  self-limiting  effect  is  not  an  unexampled 
and  distinctive  peculiarity  of  Uving  tissues,  but  is  shown  to  a  greater 
or  less  degree  by  all  circuite  having  polarizable  electrodes.  A  counter 
electromotive  force  is  set  up  as  the  current  starts,  which  diminishes 
the  latter,  to  a  degree  and  at  a  rate  which  depend  on  the  special  nature 
of  the  conditions.     Thus  in  the  case  of  a  circuit  of  copper  and  platinum 

»  For  example,  it  is  possible  that  such  a  phenomenon  as  the  reciprocal  iahi- 
bitioa  of  antagonistic  neurones  in  the  central  nervous  system  may  be  due  to 
these  conditions,  aa  I  pointed  out  in  a  former  paper  (this  Journal,  1913,  xxxi, 
285).  It  may  be  that  the  bioelectric  processes  have  a  general  coordinatiiiK 
influence  of  still  wider  application  (cf.  the  Grat  paper  of  this  series,  loe.  eit., 
427  »eq.). 
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in  a  BolutioD  of  CuSO*  the  electromotive  force  gradually  falls  to  zero 
owing  to  the  depodtion  of  copper  on  the  platinum.**  In  the  active 
oerve-fibre  or  similar  irritable  system  we  must  assimie  that  in  an 
analogous  manner  some  process  occurs  wli^«  the  current  enters  the 
cell-surface — which  arresta  activity  and  restores  the  resting  properties 
of  the  surface-&lm,  i.e.,  causes  re-polarization;  while  at  the  region  where 
the  current  leaves,  the  reverse  process  occurs,  and  the  film  undergo^ 
an  alteration  involving  increased  permeability  and  change  of  electro- 
motor properties;  this  change,  however,  is  immediately  reversed  in 
the  manner  already  indicated.  The  precise  metabolic  basis  of  these 
changes  cannot  be  indicated  at  present;  the  above  facts,  however, 
imply  that  processes  of  an  essentially  electrolytic  character  play  a 
fundamental  part. 

"  It  should  be  Dot«d  that  living  tiseuM  in  generftl  exhibit  a  high  dogree  of 
dectrical  pol&riiability;  polariiation-curreata  of  a  Btrength  euffioient  for  stimu- 
fattiou  arise  immediately  when  a  current  is  passed  tltrou^  such  a  tissue. 
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Receired  for  publication  May  23,  lOIS 

It  has  been  shown  by  Ranke  (1)  that  when  striated  muscle  is  fatigued 
and  put  into  an  indifferent  salt  solution,  it  absorbs  water  io  greater 
measure  than  a  resting,  muscle  kept  in  the  same  solution.  Ranke 
sou^t  to  account  for  this  increased  inbibition  on  the  part  of  fatigued 
muscle  by  supposing  dissociation  products  to  be  formed  in  the  tissue 
aa  the  result  of  its  activity,  and  this  to  bring  about  an  increased  at- 
traction for  water.  In  modem  terms,  fat^e  increases  the  osmotic 
pressure  of  muscle  by  breaking  down  some  of  the  larger  molecules 
into  more  numerous  smaller  ones. 

Other  workers  have  confirmed  Ranke's  resulte.  The  method  con- 
sists in  immersing  the  muscle  in  a  solution  of  known  concentration 
from  which-  it  is  removed  from  time  to  time  and  weighed.  In  this 
way  Cooke  (2)  showed  that  the  increase  in  osmotic  pressure  may  be 
as  high  as  37.5  per  cent  as  the  result  of  fatigue.  Later,  Fletcher  (3) 
found  the  curves  of  swelling  of  resting  and  of  fatigued  muscle  to  differ 
characteristically,  the  latter  always  reaching  an  earlier  maxiraum 
wei^t.  In  salt  solutions  isosmotic  with  the  animal's  blood  the  fatigued 
muscle  gained  in  weight  but  the  normal  control  remained  unchanged 
for  hours. 

In  case  the  muscle  be  exercised  in  the  body  with  the  circulation  in; 
tact,  it  increases  in  weight  (4),  volume  (5)  and  decreases  in  specific 
gravity  (6)  indicating  water  absorption  from  the  lymph.  It  is  known 
that  the  blood  flowing  from  an  exercising  muscle  suffers  a  loss  in  water 
and  an  increase  in  solid  content  (7).  It  has  been  si^gested  by  certain 
workers  that  the  increased  imbibition  of  water  by  an  exercised  muscle 
may  be  due  in  part  to  changes  in  the  permeabiUty  of  the  muscle  cells 
(8).  The  connection  between  the  acidity  accompanying  muscle  con- 
traction and  water  absorption  has  been  frequently  emphasized,  and 
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by  some,  acidity  is  considered  a  possible  cause  of  muscle  contraction 
(9). 

The  views  referred  to  are  sufficient  to  indicate  the  unsettled  condition 
of  the  question  of  water  absorption  by  muscle,  and  the  importance  (A 
obtainii^  new  evidence  on  the  point  at  issue,  (10),  viz:  Is  the  increase 
of  osmotic  pressure  in  a  muscle,  resulting  from  fatigue,  alone  suffi- 
cient to  accoimt  for  the  increased  imbibition  on  the  part  of  such  a 
muscle?  It  is  apparent  that  measurements  of  weight  increment  and 
of  specific  gravity  show  the  fact  of  water  absorption  solely,  without 
indicating  unequivocally  the  underlying  cause.  In  order  to  determine 
exactly  what  part  osmotic  pressure  plays  in  causing  the  phenomenon 
in  question,  it  is  necessary  to  measure  the  concentration  of  dissolved 
substances  in  the  muscle,  both  resting  and  fatigued,  and  to  comp^« 
the  values  obtained.  Cryoscopic  determinations  afford  a  reliable 
method  for  doing  this,  because,  in  dilute  aqueous  solutions  such  meas- 
urements depend  entirely  upon  the  gram-molecular  concentration  and, 
in  the  case  of  electrolytes,  the  degree  of  ionization. 

Fifteen  years  ago  Sabbatani  (11)  showed  that  the  freezing  point  of 
uninjured  tissue  could  be  detennined  with  a  fair  degree  of  accuracy. 
This  was  done  by  packing  the  tissue  around  the  bulb  of  a  Beckmann's 
thermometer,  allowing  the  preparation  to  undercool  until  spontaneous 
crystallization  took  place,  and  reading,  as  the  freezing  point,  the  high- 
est mark  reached  by  the  mercury  column.  I  have  found  it  possible 
by  the  use  of  this  method,  to  dupUcate  my  observations  with  an  ex- 
perimental error  of  =^0.01°,  provided  the  degree  of  undercooling  be 
controlled  by  inoculating  the  preparation  with  an  ice  crystal. 

In  the  following  experiments  large  bull  fro^,  Rana  catesbiana,  were 
used.  The  animal  was  killed  and  the  muscles  of  one  leg  removed 
with  as  little  injury  as  possible.  The  superfluous  liquid  was  absorbed 
from  the  tissue  with  filter  paper,  and  the  muscles  packed  around  the 
bulb  of  the  thermometer  in  a  Beckmann's  apparatus.  Two  or  three 
•successive  readings  were  taken.  The  highest  reading  of  each  experi- 
ment, i.e.,  the  least  depression,  is  given  in  the  table.  Meantime  the 
other  leg  of  the  same  animal  was  prepared  by  removing  the  skin  and 
absorbing  the  superfluous  lymph  with  filter  paper.  The  preparation 
was  next  placed  in  a  moist  chamber  and  stimulated  directly  with  a 
maximal  tetanizing  current  until  completely  fatigued,  usually  about 
two  hours.  It  was  then  removed  and  the  freezing  point  of  the  muscles 
determined  as  described  for  the  other  leg.  Since  the  loss  in  we%ht 
of  the  preparation  during  stimulation  was  less  than  0.5  per  cent,  any 
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appreciable  lowering  of  the  freenog  poiot  below  that  of  the  control 
must  be  attributed  alone  to  an  increase  in  the  concentration  of  dis- 
solved Bubetances  or  their  dissociation  products,  in  the  fatigued  tissue. 
The  following  measurements  show  that  in  every  case  the  freezing 
point  of  frog's  muscle  is  significantly  depressed  by  fat^e  (table  1). 
Each  numeral  indicates  a  pair  of  measurements  made  from  a  single 
individual.  Ar  =  depression  of  the  freesing  point  for  resting  muscle; 
4/'  =  that  for  fatigued  muscle;  ^  —  lir  =  increase  in  depressitHi 
of  the  freezing  point  due  to  fatigue;  M  =•  gram^nolecular  concentra- 
tion of  a  non-electrolyte  sufficient  to  produce  the  increase  A/  —  Ar, 

hence  M  =  ^  ,  in  which  1.85°C.  =  depression  of  the  freesing 

point  of  a  molar  solution;  per  cent  =  per  cent  of  increase  in  the  de- 
pression  of  the  freezing  point  resulting  from  fatigue. 

These  results  show  that  the  increase  in  the  osmotic  pressure  of  mus- 
cle due  to  fatigue  amoimts  to  an  average  of  36  per  cent  which  is  equiva- 
lent to  an  increase  in  concentration  of  0.08  mol  and  is  of  sufficient 
magnitude  to  accoimt  for  the  imbibition  of  water  previously  observed. 


fi,-'^' 

A/-^' 

AZ-Ar-"^- 

M 

»>»„ 

1 

0-43 

0.54 

0,11 

0,06 

26 

2 

0,43 

0.66 

0,13 

0,07 

30 

3 

0.41 

0.54 

0,13 

0,07 

32 

4 

0.385 

0-545 

0.16 

0-085 

42 

8 

0.41 

0.865 

0.155 

0,085 

38 

6 

0.40 

0-58 

0.18 

0,095 

45 

7 

0.405 

0-58 

0.175 

0-005 

43 

8 

0.3S 

0-57 

0-18 

0,095 

46 

9 

0.41 

0.55 

0-14 

0-075 

34 

10 

0.41 

0.58 

0-17 

0,09 

41 

11 

0.43 

0.58 

0.15 

0,08 

35 

12 

0.42 

0-56 

.    0-14 

0,075 

33 

13 

0.45 

0.56 

0.11 

0,06 

24 

14 

0.43 

0,57 

0.14 

0,075 

33 

IS 

0.46 

0,62 

0-17 

0,09 

38 

16 

0.46 

0,63 

0,17 

0.09 

37 

Meao 

0.42 

0,57 

0,15 

0,08 

36 

The  increase  in  water  absorption  from  a  surrounding  solution  by  a 
fatigued  muscle  is  therefore  brought  about  by  an  increase  in  the  con- 
centration either  of  molecules  or  of  ions  or  of  both,  within  the  tissue. 
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The  experiments  were  repeated  with  the  circulation  intact.  This 
was  best  accomplished  by  destroying  the  brain  anterior  to  the  medulla, 
and  severing  the  sciatic  plexus  from  the  cord  on  both  aides.  This 
section  was  performed  through  an  opening  into  the  body  cavity  made 
by  removing  the  urostyle.  A  frog  prepared  in  this  way  retained  its 
respiration  and  circulation.  The  entire  animal  was  put  into  a  moist 
chamber  and  one  1^  was  fatigued  by  direct  stimulation.  The  freezing 
points  of  both  resting  and  fatigued  muscles  were  determined  and  found 
to  be  identical  as  shown  in  table  2. 


i,--c- 

A/--C- 

az-ir"""^- 

1 

2 

0.47 
0.46 

0.46 
0.46 

-0.01 
O.OO 

This  result  agrees  with  the  observations  of  Lasarus-Barlow,  Bar- 
croft  and  others  who  have  shown  that  a  muscle,  which  is  exercised 
in  aitu  with  the  circulation  intact,  compensates  in  part  for  its  byper- 
tonicity  by  absorbing  water  from  the  lymph  and  ultimately  from  the 
blood.  If  we  further  suppose  the  circulation  to  remove  some  of  the 
fatigue  products,  the  identity  of  freezing  points  of  resting  and  of 
fatigued  muscles  is  to  be  expected. 

CONCLUSIONS 

1.  The  mean  depression  of  the  freezing  point  for  the  resting  muscle 
of  the  bull  fn^  was  found  to  be  0.42''C. 

2.  The  mean  depression  of  the  freezing  point  for  the  completely 
fatigued  muscle  of  the  .bull  frog  was  found  to  be  O.ST'C. 

3.  The  mean  difference  in  freezing  points  for  resting  and  fatigued 
muscle  is  O.IS'C.  This  is  equivalent  to  the  depression  of  the  freezing 
point  of  an  0.08  H  solution  of  a  non-electrolyte. 

4.  On  account  of  the  magnitijde  of  the  increase  in  the  depression  of 
the  freezing  point  as  a  result  of  fatigue,  it  is  concluded  that  -the  in- 
creased imbibition  of  fatigued  muscle  is  caused  entirely  by  the  in- 
crease in  concentration  of  dissolved  substances,  ions  and  molecules, 
within  the  muscle. 

5.  The  freezing  point  of  muscle  fatigued  in  the  body  with  circulation 
intact  is  identical  to  that  of  the  resting  muscle  of  the  same  individual. 
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In  a  previous  paper  (1)  it  was  shown  that  bathing  in  the  strong 
brine  of  Great  Salt  Lake  increased  the  urinary  elimination  of  nitro- 
gen 5  to  7  per  cent,  and  that  of  sodium  chloride  21  to  27  per  cent  in 
two  subjects  on  a  uniform  diet.  To  determine  whether  these  findings 
are  significant  and  constant,  and  whether  they  are  causally  related, 
a  second  experiment  was  carried  out  along  similar  lines  on  the  same 
subjects.     The  uniform  diet  was  as  follows: 


SubwctI 

Subject  1 

Subiwt  1 

Subject  t 

Toasted  wheat  biscuit 

30  grams 
50  grams 
90  grams 
25  grams 
20  grams 
5  grams 
466  cc. 

30  grams 
50  grams 
60  grams 
20  grams 
10  giams 
5  grams 
465  cc. 

120  grama 
25  grama 
20  grama 

465  cc. 

90r«n« 
25  grama 
10  grams 

Milk 

Protein  per  day  (calculated).  Subject  1,  102  grama;  Subject  2,  85  grama. 
Calories  per  day  (calculated),  Subject  1.  3455;  Subject  2,  2857. 

The  experiment  was  divided  into  three  periods;  (1)  a  fore  period 
of  five  days,  (2)  a  bathing  period  of  four  days,  and  (3)  a  final  period 
of  three  days.  The  urine  was  collected  in  24-hour  eamples  on  six 
of. the  days  and  in  three  to  four  hour  samples  on  the  other  six  days. 
Of  these  latter  samples  24-hour  composites  were  also  made.  Analyses 
143 
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were  made  for  total  nitrogen  (Kjeldahl),  ammonia  (Folin),  creatinine 
(Folin),  uric  acid  (Benedict-Hitchcock)  and  chlorides  (Dehn-Clark). 
All  the  determinations  were  in  duplicate  except  those  of  total  nitro- 
gen and  chlorides  on  the  short  period  samples. 

The  variation  in  the  urine  constituents  is  shown  graphically  in 
figure  1,  and  the  analytical  data  from  which  the  figure  was  made, 
with  record  of  temperature  and  length  of  haths,  are  given  in  table  1. 
In  making  the  averc^es  for  the  fore  period  the  data  of  the  fiiBt  two 
days  were  discarded  since  they  were  influenced  by  the  preceding  mixed 
diet  and  by  small  changes  in  the  uniform  diet  which  were  found  neces- 
sary for  the  satisfaction  of  the  subjects.  The  data  of  the  period  sam- 
ples, taken  on  days  5  to  7  and  9  to  11  are  given  in  tables  2  and  3,  and 
are  shown  graphically  in  figure  2.  Of  these  six  days,  6,  7  and  9  are 
bathing  days.  In  the  figure  the  time  of  the  bath  and  its  duration  are 
indicated  by  the  tine  B.' 

Referring  first  to  the  data  in  figure  1  and  table  1  it  appears  that  the 
average  daily  total  nitr<^en  excretion  increases  slightly  in  the  bathing 
period  over  the  fore  period,  which  is  in  agreement  with  previous  findings. 
There  is  a  gradually  decreasing  nitrogen  output  during  the  fore  period 
and  a  gradually  increasing  nitrogen  output  in  the  bathing  period. 
The  maximum  is  reached  on  the  day  following  the  last  bath,  in  both 
subjects,  and  in  the  final  period  the  average  daily  nitrogen  excretion 
exceeds  that  of  either  of  the  preceding  periods,  i.e.,  the  high  level 
reached  at  the  end  of  the  bathing  period  is  practically  maintained  in 
the  final  period,  a  result  differing  from  previous  findings. 

The  other  nitrogenous  urinary  constituents  show  so  little  variation  as 
to  permit  of  no  conclusions.  The  very  slight  rise  in  creatinine  excretion 
noted  in  the  bathing  period  of  the  former  experiment  is  not  observed 
here. 

In  contrast  to  the  results  of  the  former  experiment  in  which  the 
average  excretion  of  sodium  chloride  was  increased  during  the  bathing 
period  there  is  shown  in  the  present  data  a  decreased  output  of  sodium 
chloride  during  the  bathing  period,  as  compared  with  the  fore  period, 
while  in  the  final  period  the  average  output  is  above  that  of  the  fore 
period. 

The  excretion  of  nitrogen  and  of  chlorides  in  the  case  of  both  sub- 
jects shows  a  striking  uniformity  throughout,  a  progressively  decreas- 

'  It  is  perhaps  unfortuaate  that  absolute  uniformity  was  not  observed  in  the 
duration  of  these  periods  but  the  value  of  the  date  is  not  materially  diminished 
an  this  account. 
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TABLE  I 

Subject  I 


D»T  or  nn-niHT 

»*!■ 

HITRO- 

'^r 

ISl 

^l'^' 

SODIDir 
OHLO- 

OF 

Lonnw 

III     L 

Ait 

Wstar 

BI 

fnmi 

tr*mM 

mm. 

tnnu 

iron. 

nil. 

I 

June  3 

13  79 

047 

0.55 

1.24 

8  75 

2 

June  4 

13.2; 

0  37 

0  55 

1  30 

9.02 

3 

June  5 

12 -S 

0,33 

0-65 

1.24 

982 

4 

June  6 

12.15 

0.31 

0.5S 

1.35 

9,09 

5 

June  7 

11.90 

0.32 

1,40 

687 



Average  3-6. . . 

12.21 

033 

1,33 

8,50 

6 

June  8 

12.47 

0.29 

0  5.^ 

1,32 

6,50 

25 

24.5 

25 

7 

June  9 

12. 5( 

0.31 

039 

1,29 

7,50 

24 

24 

40 

8 

June  10 

12.72 

0.30 

0  42 

1,29 

8,40 

23 

24 

45 

9 

June  11 

13  56 

0.32 

0.41 

1.31 

8.68 

24 

26 

45 

Average 

12  83 

0.31 

0.44 

1,30 

7.79 

10 

June  12 

13.70 

0.32 

0,41 

1.27 

8  83 

11 

June  13 

13.32 

0.34 

0  42 

1,29 

8. 84 

12 

June  14 

13.49 

0.31 

0.45 

1,31 

8.64 

Avernge 

13.50 

0.32 

0.^ 

1,29 

877 

1 

June  3 

944 

032 

0.62 

0,92 

8,54 

2 

June  4 

9.9; 

•029 

0  56 

0.91 

8  16 

3 

June  5 

fl.H 

0,24 

0.38 

0.02 

802 

4 

June  6 

9.5; 

0,30 

0,36 

099 

7  40 

5 

June  7 

8.55 

0.33 

0.96 

5.10 

Average  3-5. . . 

9,09 

0,30 

0,94 

6,84 

6 

June  8 

8,85 

0.27 

029 

0,93 

420 

25 

24.5 

25 

7 

June  9 

B.fH 

0,27 

0,39 

0,93 

5,16 

24 

24 

30 

8 

June  10 

9Ai 

0,19 

0,38 

1,02 

7,43 

23 

24 

45 

9 

June  11 

10  84 

0,24 

0.48 

1,02 

8,75 

24 

26 

35- 

Average 

0,51 

0.24 

0.39 

0,98 

6.39 

10 

June  12 

11.16 

0  25 

035 

0,98 

8  32 

11 

June  13 

10.01 

0  28 

0  39 

099 

8  79 

12 

June  14 

10,65 

0,25 

0.37 

1.03 

8.94 

Average 

10.91 

0.26 

0,37 

1.00 

8.68 
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Saijeci  J 


roi*LMi«™iN 

c^ 

™_ 

Per 

Pw 

Per 

Pw 

P.r 

P.r 

puiod 

hour 

p«iod 

bow 

8.00-11.00 

1.48 

0.494 

1.19 

0.395 

0.20 

0,068 

11.00-  3.00 

2.12 

0.530 

1.83 

0.456 

0  25 

0,062 

5 
(no  bath) 

3.00-6.00 

I.29| 

0.429 

0.70 

0.234 

0,17 

0.057 

6.00-10.00 

2.46 

0.614 

1.26 

0.314 

0,24 

0.060 

10,00-  8.00 

4.30 

0.430 

1,95 

0.195 

0.49 

0,049 

For  24  hours 

11.64 

6.90 

1.36 

Composite 

11.90 

6.87 

1.41 

8.00-11.00 

1.51 

0.504 

0.83 

0.278 

0-18 

0.059 

11,00-4,00 

2.81 

0.562 

1.72 

0.345 

0.29 

0.059 

e 

(bath) 

4.00-  7.00 

1.96 

0.653 

1.47 

0,491 

0.18 

0.059 

7.00-10.00 

1.62 

0.640 

0.86 

0.288 

0.17 

0.055 

10  00-  8,00 

4.59 

0.459 

1.74 

0.174 

0.51 

0,051 

For  24  hours 

12.49 

6,64 

1.33 

Composite 

12.47 

6.59 

1.32 

8.00-12.00 

1.68 

0.421 

1.07 

0.267 

0.21 

0.053 

12,00-3.30 

2.00 

0.571 

1.37 

0.392 

0.21 

0.059 

7 
(bfttb) 

3,30-6.30 

2.13 

0.709 

1.98 

0.661 

0,18 

0,060 

6.30-  9.30 

1.76 

0.586 

0.90 

0.298 

0.17 

0.057 

9.30-8,00 

5.00 

0,476 

2.07 

0.198 

0.50 

0.048 

For  24  hours 

12,57 

7.39 

1.27 

Compoaite 

12.56 

7.50 

1.29 

8,00-12.35 

2.31 

0,505 

1.75 

0,380 

0.27 

0.060 

12.35-  4.20 

2.34 

0.625 

1.62 

0.431 

022 

0-059 

9 
(bath) 

4.20-7.35 

2.48 

0,762 

2.58 

0.793 

0.20 

0.061 

7,35-11.15 

2.U 

0.584 

1.21 

0.331 

0.19 

0,0.13 

11.15-8.00 

4.3T 

0.499 

1.55 

0.177 

0.43 

0,050 

For  24  hours 

13,64 

8.71 

1.32 

Composite 

13.52 

8.68 

1.31 

800-11,40 

2.02 

0.552 

1,53 

0.418 

0.21 

0.058 

11.40-3.40 

2.58 

0.644 

2,18 

0.544 

0,24 

0,060 

10 
(no  bath) 

3.40-  6.45 

2.00 

0,649 

1.29 

0.419 

0.18 

0.057 

645-11  30 

3,10 

0653 

2.25 

0.474 

0.27 

0.057 

11.30-8  00 

4.04 

0.476 

1,55 

0.183 

0.38 

0.045 

For  24  hours 

13.75 

8.80 

1,28 

Composite 

13  70 

8.83 

1.27 

8.00-  1.30 

3.24 

0.589 

3.01 

0.547 

0,35 

0-064 

1.30-4  30 

1.91 

0.638 

1.48 

0.492 

0.17 

0.058 

11 
(no  bath) 

4  30-7-15 

1.57 

0.571 

1.16 

0.420 

0.15 

0-055 

7.15-11.15 

2.59 

0.646 

1.52 

0,380 

0.23 

0.058 

11,15-  8.00 

4.03 

0.461 

1  68 

0.192 

0.41 

0.047 

For  24  hours 

13.34 

8.84 

1.31 

13.31 

8.84 

1.29 
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TABLE  I 

Subjtet  I 


.„„ 

™..™^„ 

^^^, 

™,„™. 

P-t 

P« 

P« 

Per 

P>r 

Pw 

p«od 

hour 

p«iod 

hour 

puiod 

boot 

8.00-11.00 

1.14 

0.3S1 

1.12 

0.371 

0.14 

0.048 

11.00-  3  00 

1.50 

0,376 

1.42 

0.;56 

0.17 

0.043 

6 
(no  b»th) 

3,00-6.00 

0.80 

0.267 

0.58 

0.192 

0-12 

0,040 

6.00-10.00 

0.95 

0.238 

0.17 

0.013 

10.00-  8.00 

3-39 

0.339 

1.12 

0.112 

0.36 

0.039 

For  24  hours 

5.18 

0.97 

Composite 

8,55 

5.10 

0.96 

8,00-12.00 

1.41 

0.352 

0.82 

0.205 

0.17 

0.042 

12.00-  4.00 

2.09 

0.523 

0,91 

0.227 

0.18 

0.044 

6 
(Uth) 

4.00-  7.00 

1.28 

0.427 

0.77 

0.257 

0.13 

0.042 

7.00-10,00 

1.12 

0.372 

0.49 

0.163 

0.11 

0.038 

10.00-  8.00 

3,35 

0335 

1.23 

0.123 

0.38 

0.038 

For  24  hours 

9.24 

4.22 

0.97 

Composite 

8.85 

4.20 

0.93 

8-00-12.00 

1.18 

0.296 

0.86 

0.214 

0.16 

0.040 

12.00-  3  30 

1,44 

0,411 

1.05 

0.301 

0.15 

0.043 

7 
(bath) 

3.30-  6.30 

1.48 

0.494 

1  13 

0.376 

0.14 

0.045 

6-30-9.30 

1.28 

0.426 

0.61 

0.203 

0.11 

0.038 

9.30-8  00 

3.64 

0.347 

1.50 

0.143 

0.38 

0.036 

For  24  hours 

9.02 

5.15 

0.94 

Composite 

8.86 

5,16 

0.93 

8.00-12.40 

2.08 

0.445 

2,27 

0.486 

0.23 

0,049 

12.40-  4.20 

1.79 

0.488 

1.49 

0.407 

0.16 

0.043 

9 
(bath) 

4-20-7.35 

1.77 

0.545 

2.17 

0.670 

0.14 

0.044 

7.35-11.15 

1-56 

0.426 

0,93 

0.254 

0.14 

0.03S 

11.15-  8.00 

3.62 

0.414 

1.94 

0,202 

0.31 

0.039 

For  24  hours 

10.82 

8.80 

0.99 

10,85 

8.75 

1.02 

8.00-1200 

1.72 

0,430 

1,79 

0.447 

0.18 

0.014 

12.00-  3.00 

1.45 

0-484 

1.42 

0-474 

0,12 

0.0*0 

10 
(no  bath) 

3.00-6,30 

1,65 

0.470 

1.00 

0.314 

0.14 

0.040 

6.30-11,30 

2-54 

0,508 

1,54 

0.307 

0.20 

0.040 

11.30-  8.00 

3.76 

0.443 

2.37 

0,279 

0.33 

0.039 

For  24  hours 

11.12 

8.22 

0.96 

Composite 

11.16 

8.32 

0.98 

8,00-  1.30 

2.51 

0,457 

2.81 

0.512 

0.25 

0'.045 

1.30-  4.30 

1,52 

0,507 

1.64 

0-546 

0,14 

0045 

11 

(no  bath) 

4.30-  7.15 

1.28 

0.464 

0-38 

0-321 

0,11 

0.041 

7.15-11.15 

2.06 

0  515 

1.20 

0-299 

0.16 

0.041 

11.15-  8.00 

3.67 

0.420 

2.32 

0-265 

0.36 

0.041 

For  24  hours 

11.04 

8-85 

1,02 

Composite 

10.91 

8.79 

0.99 
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ing  output  during  the  fore  period,  a  progressively  increasing  output 
during  the  bathing  period,  which  level  is  maintained  during  the  final 
period. 

The  course  of  the  chloride  curves  could  be  accounted  for  as  follows: 
the  uniform  diet  evidently  contained  less  salt  than  the  ordinary  mixed 
diet  which  preceded  it,  so  that  during  the  fore  period  the  effect  of  a 
lesseued  chloride  intake  gradually  appears  as  a  decreased  salt  excretion. 
W  th  the  beginning  of  bathing  this  relative  retention  of  salt  gradually 
gives  way  to  increasing  salt  excretions  which  reach  their  maximum 
on  the  last  day  o'  bathing  and  remain  at  this  level,  or  even  slightly 
exceed  it  in  Subject  2,  in  the  final  period.  Nitrogen  elimination  fol- 
lows practically  the  same  course  and  this  parallelism  in  nitr<^en  and 
chloride  excretions  was  an  unusual  and  unexplained  finding  in  the 
previous  experiment. 

An  examination  of  the  data  from  the  short  period  samples  brings 
this  out  more  clearly,  and  offers  further  evidence  on  the  immediate 
effects  of  bathing.  In  figure  2  the  third  period  on  days  5,  10  and  11 
(no  bath)  shows  a  marked  difference  from  the  same  period  on  days 
6,  7  and  9  (bath).  When  no  bath  was  taken  the  rate  of  chloride  and 
nitrogen  excretion  was  lower  during  this  period  than  during  the  pre- 
ceding one,  and  usually  lower  than  the  rate  in  the  succeeding  period. 
On  bathing  days  the  rate  of  chloride  and  nitrogen  excretion  during 
this  third  period  (at  the  beginning  of  which  a  bath  was  taken)  was, 
in  all  cases  but  one,  considerably  higher  than  the  rates  observed  both 
in  the  preceding  and  in  the  succeeding  period.  The  progressively 
increasing  daily  output  of  nitrogen  and  chloride  during  the  bathing 
period,  as  shown  in  figure  1,  is  largely  caused,  according  to  figure  2, 
by  an  increase  in  the  rate  of  excretion  immediately  following  the  bath. 
The  effect  of  the  bath  on  metabolism  is  therefore  primarily  immediate 
though  not  entirely  so;  in  both  subjects  the  rate  of  excretion  of  nitro- 
gen during  the  night  period  rises  steadily  reaching  its  maximum  after 
the  last  bath,  or  on  the  day  following,  and  the  same  statement  may  be 
made  with  reference  to  the  chloride  excretion  of  Subject  2. 

An  absorption  of  salt  by  the  skin  dining  the  bath  might  explain 
the  course  of  the  chloride  excretions  as  an  attempt  to  restore  chloride 
equilibrium,  but  the  mechanism  by  which  nitrogen  excretion  could  be 
similarly  involved  is  not  clear.  If  the  bathing  brings  about  a  mobili- 
sation of  chlorides  or  their  redistribution  between  the  tissues  and 
body  fluids  so  as  to  cause  their  excretion,  it  would  appear  as  if  such  a 
process  were  accompanied  by  an  increased  protein  degradation  or  a 
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fluBhing  out  of  already  existing  decorapositioD  products  of  protein. 
If  on  the  other  hand  the  metabolism  of  nitrogen  is  primarily  affected 
by  the  bathing  the  increased  chloride  excretion  is  far  above  the  amount 
that  would  be  associated  with  a  decomposition  of  body  protein  to  the 
extent  necessary  to  account  for  the  higher  luinary  nitrogen.  It  is, 
in  fact,  entirely  probable  that  body  protein  remains-untouched  by  the 
response  of  the  organism  to  the  bath,  at  least  as  far  as  glycogen  for- 
mation is  concerned.  In  three  experiments  on  the  influence  of  cold 
(8°  to  12°C.)  baths  on  the  glycogen  content  of  man  Lusk  (2)  found 
glycogen  formation  from  protein  in  one  case,  an  individual  under 
normal  weight.  In  those  experiments  the  intestine  was  free  from  car- 
bohydrates and  while  no  values  for  body  temperature  are  given,  the 
general  and  intense  shivering  noted  in  his  subjects  never  obtained  in 
these  brine  baths  and  the  alimentary  tract  was  never  free  from  car- 
bohydrate at  the  time  of  the  bath.  This  of  course  does  not  exclude 
the  possibility  of  other  influences  outside  of  g  ycogen  formation,  which 
might  modify  protein  metabolism.  Whether  these  parallel  findings 
on  chloride  and  nitrogen  excretion  as  modified  by  bathing  depend  upon 
the  bath  as  such  or  upon  the  salt  water  must  be  determined  by  further 
experiments. 

A  chance  deviation  from  the  regular  routine  of  the  subjects  is  re- 
sponsible for  the  su^estion  that  the  increased  nitrogen  and  chloride 
«xcretion  by  way  of  the  kidneys  might  be  merely  the  evidence  of  a 
lessened  skin  excretion.  On  the  fifth  day,  which  was  warm,  exercise 
in  the  form  of  tennis  for  an  hour  and  a  half  was  taken  during  the  third 
collecting  period,  3  to  6  p.m.  Inasmuch  as  the  exercise  in  the  water 
on  bathing  days  was  not  otherwise  compensated  for  it  was  felt  that 
this  exercise,  which  was  not  violent,  could  be  indulged  in  with  impun- 
ity, but  this  was  evidently  not  the  case  with  reference  to  the  skin  ex- 
cretion judging  from  the  urinary  nitrogen  and  chloride  for  the  period. 
The  hourly  rate  in  this  period  was  lower  for  this  day  than  for  the 
corresponding  period  on  any  of  the  non-bathing  days  in  which  period 
samples  were  taken. 

Information  upon  the  nitrogen  and  chloride  content  of  the  perspira- 
tion is  somewhat  fragmentary  because  of  the  variety  of  conditions 
under  which  observations  have  been  made,  but  is  sufficient  to  war- 
rant the  general  statement  that  sweat  usually  contains  from  0.05 
per  cent  to  0.2  per  cent  of  nitrogen  and  0.5  per  cent  sodium  chloride 
as  a  maximum  concentration  at  the  height  of  secretion  rate  (3,  4). 
Since  Argutinsky  (5)  found  0.7  grams  of  nitrogen  in  the  perspiration 
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collected  during  a  seven-hour  walk  on  a  hot  day  there  would  have  been 
about  0.15  gram  nitrogen  and  0.38  gram  sodium  chloride*  in  the  per- 
spiration excreted  during  an  hour  and  a  half  of  tennis,  values  which 
will  explain  the  diminished  amounts  of  urinary  mtr<^n  and  sodium 
chloride  in  the  third  period  of  the  fifth  day.  That  the  cooUng  of  the 
skin  by  bathing  should  prevent  the  elimination  of  perspiration  suffi- 
cient to  account  for  the  higher  urinary  concentration  in  nitrogen  and 
chlorides  in  the  third  period  of  the  bathing  days  is  scarcely  a  justifiable 
conclusion,  and  this  question  must  be  subjected  to  further  investi- 
gation. The  fact  that  body  temperature  is  not  markedly  affected 
by  the  bath  (I)  and  that  the  increasing  chloride  and  nitrogen  excre- 
tion during  the  bathing  period  continues  at  approximately  its  highest 
level  during  the  final  period  indicates  that  other  factors  besides  the 
urine-sweat  partition  are  operating. 

The  rate  of  creatinine  excretion  as  shown  by  the  data  obtained  from 
the  short  period  samples  does  not  indicate  that  the  bathing  had  any 
influence  upon  it;  the  data  rather  emphasize  the  constancy  of  the 
excretion  rate  of  creatinine. 

Several  blood  pressure  measurements  before,  during  and  after  the 
bath  were  made  by  means  of  a  Tycos  sphygmomanometer  and  ausculta- 
tion over  the  radial  artery.  The  values  (systolic)  obtained  for  Sub- 
ject 1  were  uniformly  110,  for  Subject  2,  105,  and  the  expected  rise  ■ 
in  blood  pressure  during  the  bath  was  not  shown  by  this  somewhat 
approximate  method. 

SUUHARY 

Two  subjects  were  maintained  on  a  uniform  diet  for  twelve  days. 
A  bathing  period  of  four  days  followed  a  fore  period  of  five  days,  with 
a  three  day  final  period.  The  urine  was  analyzed  in  24-hour  periods 
on  all  of  the  days  and  in  short  periods  (3  to  4  hours)  on  three  bathing 
and  on  three  non-bathing  days.  In  agreement  with  former  results  the 
progress  of  the  bathing  period  was  attended  by  increased  nitrogen  and 
salt  excretion,  which,  in  this  case,  however,  persisted  through  the 
final  period.     The  three-hour  period  during  and  immediately  following 

*  TbiB  calculation  for  sodium  chloride  ia  made  on  the  aasumption  that  the 
Ditrogcn  excretion  of  0.7  gram  w&i  0.2  per  cent  of  the  total  perspiration,  which 
would  therefore  have  been  350  cc.  in  the  seven  hours,  or  75  cc.  in  an  hour  and  a 
half,  0.5  per  cent  of  which  would  be  0.38  gram  of  sodium  chloride.  Thia  calcula- 
tion is  of  course  based  on  unjustified  aasumptiona  as  to  the  constant  rate  of 
excretion  of  perspiration  by  ditlereut  persons  and  its  constant  composition. 
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the  bath,  showed  a  considerable  increase  (15  to  50  per  cent)  in  nitrogen 
and  salt  excretion  as  compared  with  the  same  period  on  days  when  no 
bath  was  taken,  indicating  that  the  bath  had  an  immediate  influence 
as  well  as  a  prolonged  effect.  A  constant  and  uniform  par^elism 
between  nitrogen  and  chloride  variations,  noted  also  in  earlier  work, 
is  not  understood.  Decreased  perspiration  through  the  cooling  of  the 
skin  by  the  bath  can  account  in  only  small  measure  for  the  greater 
salt  and  nitrogen  excretion  in  the  urine  following  the  bath. 
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Oxidase  in  plants  and  in  animals  has  been  the  subject  of  much  in- 
vestigation. For  a  review  of  the  literature  on  the  subject  see  Oppen- 
beimer,  "Die  Fermente  und  ihre  Wirkungen,"  1913  and  Kastle,  "Hy- 
gienic Laboratory  Bulletin  No.  59,  1909."  The  presence  of  catalase 
in  the  tissues  has  been  demonstrated  by  many  observers  (1)  employ- 
ing a  variety  of  reactions  by  which  colored  oxidation  products  are 
formed  within  the  tissues.  These  observers  (2)  have  shown  that  the 
capacity  of  the  tissues  to  form  these  colored  products  has  a  direct 
relation  to  their  capability  of  freeing  oxygen  from  hydrogen  peroxide, 
of  bluing  tincture  of  guaiac  and  of  oxidizing  salicylic  aldehyde  and 
benzyl  alcohol  to  their  respective  acids.  They  found  that  there  are 
definite  and  constant  differences  in  the  oxidative  properties  of  the  dif- 
ferent tissues.  This  property  was  most  marked  in  the  spleen,  liver 
and  kidney  and  least  marked  in  muscular  and  nervous  tissue. 

Although  a  great  amount  of  work  has  been  done  in  this  field,  at 
the  same  time,  so  far  as  I  know,  no  one  has  attempted  to  correllate 
the  amount  of  substance  in  a  muscle  that  will  liberate  oxygen  from 
hydrc^en  peroxide  with  the  amount  of  external  physical  work  done 
by  the  muscle.  This  substance  will  be  referred  to  hereafter  in  this 
paper  as  catalase.  The  object  of  this  investigation  was  to  determine 
if  there  was  more  catalase  in  a  muscle  normally  doing  a  relatively 
large  amount  of  work  than  in  one  normally  doing  a  relatively  small 
amount  of  work,  and  if  by  increasing  or  decreasing  the  amount  of 
work  the  amount  of  catalase  would  be  correspondingly  increased  or 
decreased.  The  muscles  of  which  the  catalase  content  was  to  be  de- 
termined were  removed  from  the  animals  after  the  blood  vessels  had 
been  washed  free  of  blood  by  the  use  of  large  quantities  of  0.9  per  cent 
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sodium  chloride  and  hashed  in  a  hashing  machine.  The  amount  of 
oxygen  liberated  in  ten  minutes  from  30  cc.  of  hydrogen  preoxide  by 
one  gram  of  the  hashed  muscle  was  taken  as  a  measure  of  the  amount 
of  catalase  in  the  muscle.  The  solution  of  hydrogen  peroxide  used 
was  prepared  by  diluting  15  cc.  of  commercial  hydrogen  peroxide  to 
30  cc.  with  distilled  water. 

Method.  The  apparatus  used  in  this  investigation  in  determining 
the  amount  of  catalase  is  shown  in  figure  1 ;  a  and  a'  are  two  inverted 
burettes  with  their  mouths  beneath 
the  water  in  a  glass  vessel  /;  e  and  e' 
rubber  tubes  connecting  bottle  d  with 
the  burettes;  b  and  b'  stopcocks  and 
c  a  rubber  stopper.  The  burettes 
were  filled  with  water  by  sucking  on 
a  and  a'  and  the  stopcocks  of  the 
burettes  closed.  One  gram  of  the 
hashed  muscle  was  placed  in  a  small 
crucible  which  was  introduced  into 
Ixjttle  d,  rubber  stopper  c  having  been 
removed.  Thirty  cubic  centimeters 
of  the  diluted  hydrogen  peroxide  were 
introduced  into  the  bottle  care  being 
taken  that  none  of  the  hydri^n 
peroxide  came  in  contact  with  the 
muscle  at  this  time.  Rubber  stopper 
c  was  placed  firmly  in  the  mouth  of 
the  bottle  while  stopcocks  b  and  i/ 
were  open.  By  turning  the  stop- 
cocks of  the  burettes  thus  admitting 
air,  the  meniscus  of  the  water  in 
each  burette  was  brought  to  the 
Flo.  1.  zero  marking.    Stopcock  b'  was  then 

closed  while  b  remained  open.  Bottle 
d  was  tilted  and  the  contained  crucible  turned  over  thus  mixing  the 
hydrogen  peroxide  and  the  hashed  muscle.  The  bottle  waa  gently 
shaken  for  10  minutes  while  the  oxygen  gas  waa  being  liberated  and 
conducted  by  the  rubber  tube  into  the  burette  where  it  displaced  the 
water.  At  the  end  of  the  ten  minutes  stopcock  b  was  closed  and  the 
amount  of  gas  read  off  directly  from  the  burett«.  After  making  the 
necessary  calculations  for  reducing  the  volume  of  the  gas  to  standard 
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atmospheric  preesure  the  resulting  volume  was  taken  as  a  measure 
of  the  amount  of  catalase  in  one  gram  of  the  muscles.  The  second 
burette  a'  was  used  when  more  than  100  cc.  of  oxygen  was  given  off, 
each  burette  being  of  iOO  cc.  capacity.  The  temperature  of  the  gas  -in 
the  apparatus  was  kept  fairly  constant,  20°C.,  during  the  determinations. 
In  the  manner  described  above  determinations  were  made  of  the 
amounts  of  oxygen  liberated  in  t«n  minutes  from  30  cc.  of  hydrogen 
peroxide  by  the  catalase  in  one  gram  of  the  hashed  muscle  of  the  heart 
and  of  the  legs  (biceps,  gastrocnemius,  semi-membranous,  semi-tendi- 
nous) of  d(^,  rabbits,  pigeons,  rats,  turtles  and  frogs;  of  the  back 
(latissimus  dorsi,  trapezius  serratus  posterior  inferior)  of  rabbits  and 
rats;  of  the  head  (temporaUs)  of  dogs  and  of  the  breast  (pectoralis) 
of  pigeons.  These  muscles  will  be  referred  to  hereafter  in  this  paper 
as  heart,  leg,  back,  head  and  breast  muscles  respectively. 


AfUr  heart,  leg,  and  head  are  gxatn  the  omounia  of  oxygen  in  cubic 
ated  in  ten  minutee  from  SO  cc.  of  hydrogen  peroxide  by  the  eotaUue 
the  respective  matcUs  of  dogt 


liber- 


■™ 

i 

1 

» 

« 

«^o. 

H  rt 

70 
55 
32 

2 

39 

72 
SO 
33 

67 
S6 
31 

71 

Dogs.  The  four  dt^  used  in  the  following  experiments  were  tramp 
dogs  obtained  through  the  local  d<^  catcher.  The  heart,  leg  and  head 
muscles  of  these  animals'  were  washed  free  from  blood  and  were  then 
removed  and  ground  up  in  a  hashing  machine.  The  amount  of  oxygen 
liberated  in  ten  minutes  from  30  cc.  of  hydrogen  peroxide  by  the  cata- 
lase in  one  gram  of  each  of  these  groups  of  muscles  was  determined 
according  to  the  method  described.  The  results  of  these  determinations 
are  given  in  table  1.  It  may  be  seen  that  the  aven^^  amounts  of 
oxygen  liberated  by  the  heart  muscle  of  the  four  dogs  is  71  cc. ;  that 
by  the  leg  muscles  is  54  cc. ;  and  that  by  the  head  muscles  is  35  cc.  It 
is  assumed  that  the  amount  of  catalase  in  these  different  groups  of 
muscles  is  proportional  to  the  amount  of  oxygen  liberated,  hence  the 
amount  of  catalase  in  the  leg  muscles  is  76  per  cent  of  that  in  the  heart 
and  that  in  the  head  muscles  49  per  cent.  It  would  seem  to  be  a  fair 
assimiption  that  of  these  muscles  of  the  dog  the  heart  under  normal 
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conditions  does  the  largest  amount  of  work,  the  head  muBcles  the 
least,  and  the  leg  muscles  an  intermediate  amount,  hence  the  amount 
of  catalase  in  these  muscles  is  proportional  to  the  amount  of  work  done. 
■Rabbits.  These  were  born  and  raised  In  captivity.  The  heart, 
leg  and  back  muscles  were  removed  from  these  animals  after  the  blood 
vessels  had  been  washed  free  of  blood  with  0.9  per  cent  sodium  chlo- 
ride. They  werethenground  up  in  a  hashing  machine.  The  amounts 
of  oxygen  liberated  in  ten  minutes  by  one  gram  of  the  different  groups 
of  muscles  from  30  cc.  of  hydrogen  peroxide  is  given  after  heart,  leg 
and  back  in  table  2.  It  may  be  seen  that  the  average  amount  of  oxy- 
gen liberated  by  the  heart  muscle  of  the  four  rabbits  is  114  cc;  that  by 
the  leg  muscles  is  49  cc. ;  and  that  by  the  back  muscles  is  35  cc.  Hence 
the  amount  of  catalase  in  the  leg  muscles  is  43  per  cent  of  that  in  the 
heart  and  that  in  the  back  muscles  is  30  per  cent.     As  in  the  case  of 

TABLE  1 

After  heart,  leg  and  back  are  given  the  amounts  of  oxygen  in  cubic  cenlimeteri  liber- 
ated in  ten  minutes  from  SO  ec.  of  hydrogen  peroxide  by  the  ealalaee  in  1  gram  of 
the  respective  muscles  of  rabbits 
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Bock 

the  dogs  the  amount  of  catalase  in  the  adult  rabbits  is  greatest  in  the 
heart  muscle,  and  intermediate  in  amount  in  the  leg  muscles. 

Pigeons.  The  pigeons  used  in  these  experiments  were  ordinary 
male  and  female  domestic  pigeons  accustomed  to  the  range  of  the  town. 
After  the  blood  vessels  had  been  washed  free  of  blood  with  0.9  per  cent 
sodium  chloride  the  heart,  breast  and  leg  muscles  were  removed  and 
ground  up.  The  catalase  content  of  these  muscles  was  determined 
as  in  the  preceding  experiments.  The  results  of  the  determinations 
for  four  active  male  pigeons  and  four  inactive  sitting  females  are  given 
in  table  3.  It  may  be  seen  that  the  heart  muscle  contained  the  largest 
amount  of  catalase,  the  breast  muscles  an  intermediate  amount,  while 
the  leg  muscles  contained  the  smallest  amount.  The  high  catalase 
content  of  the  breast  muscles  is  accounted  for  by  the  fact  that  nor- 
mally these  muscles  do  much  work  in  the  act  of  flying.  The  catalase 
content  of  the  heart  and  breast  muscles  of  the  active  male  pigeons  is 
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somewhat  higher  than  that  of  the  inactive  sitting  females.  This  may 
be  accounted  for  by  the  fact  that  the  muscles  of  the  active  males  had 
been  accustomed  to  do  more  work  than  those  of  the  inactive  sitting 
females. 

From  the  preceding  experiments  it  would  seem  that  catalase  is 
greatest  in  amount  in  muscles  doing  the  greatest  amount  of  work, 
least  in  amount  in  those  doing  least  work  and  intermediate  in  amount 
in  those  doing  an  intermediate  amount  of  work.  It  has  been  rec- 
ognized for  a  long  time  that  oxidation  is  more  intense  in  muscles 
doing  a  great  amount  of  work  than  in  those  doing  a  small  amount  of 
work  and  since  catalase  is  greatest  in  amount  in  muscles  doing  the 

TABLES 

AfUr  hearl,  breatt  and  Ug  are  given  the  amowiU  of  oxygen  in  cubic  cenlimetert 

liberated  tn  ten  minute*  from  30  ce.  of  hydrogen  peroxide  by  the  eataUue  in  I 

gram  of  Ike  respective  muectea  of  active  male  pigeons,  of  inactive  tilting  females 

Active  males 
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largest  amount  of  work  and  least  in  amount  in  muscles  doing  least 
work  it  follows  that  the  amount  of  catalase  varies  with  the  intensity 
of  the  oxidation  in  the  muscles. 

Turiles  and  frogs.  In  table  4  under  turtle  and  fri^  are  given  the 
amounts  of  oxygen  Uberated  by  the  heart  and  leg  muscles  of  these 
animals.  It  may  be  seen  that  the  average  amount  of  oxygen  Uberated 
by  the  heart  muscle  of  four  turtles  is  31  cc.  and  of  the  leg  muscles  19 
cc. ;  that  of  the  leg  muscles  of  the  frogs  from  Chicago  18  cc,  and  that  of 
the  leg  muscles  of  the  froga  from  New  Orleans  22  cc.  It  may  be  re- 
called that  the  leg  muscles  of  the  dog,  rabbit  and  active  male  pigeons 
Uberated  54  cc,  49  cc,  and  63  cc.  of  oxygen  respectively  and  that  the 
heart  muscles  Uberated  71  cc,  114  cc.  and  112  cc.  If  these  amounts 
of  oxygen  be  compared  with  those  liberated  by  the  corresponding  mus- 
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cles  of  the  turtle  and  frog  it  will  be  seen  that  they  are  much  greater. 
It  has  been  recognized  for  many  years  that  oxidation  in  a  warm  blooded 
animal  such  as  a  dog  is  much  more  intense  than  in  a  cold  blooded  ani- 
mal such  as  the  frog.  From  these  experiments  it  would  appear  that 
catalase  is  greater  in  amount  in  the  muscles  of  warm  blooded  animals 
in  which  oxidation  is  more  intense  than  in  the  muscles  of  cold  blooded 
animals  in  which  oxidation  is  less  intense. 


TABLE  i 

X/(er  heart  and  leg  are  given  the  amountt  of  oxygen  in  cubic  cenlimelert  Ji 
in  len  mirmtes  from  SO  ec.  of  hydrogen  peroxide  by  the  catatati 
Uie  rtMpeetive  mu»cU»  of  turtlet  and  froga 
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The  following  experiments  were  carried  out  to  determine  the  effect 
of  confinement  on  the  catalase  content  of  the  heart,  leg  and  breast 
muscles  of  male  pigeons  similar  to  those  used  in  the  preceding  experi- 
ments. Nine  pigeons  were  placed  in  a  small  cage  so  that  there  was 
no  opportunity  for  the  use  of  their  breast  muscles  in  fiight.  The  cata- 
lase content  of  the  heart,  leg  and  breast  muscles  of  three  of  these  pigeons 
was  determined  before  the  period  of  confinement  was  begun.  Similarly 
determinations  were  made  at  the  end  of  the  fifth,  the  tenth  and  the 
thirtieth  days  of  confinement.  The  average  amounts  of  oxygen  liber- 
ated by  the  different  groups  of  muscles  of  these  pigeons  are  given  after 
heart,  leg  and  breast  in  table  5. 

It  will  be  observed  that  there  had  been  little  reduction  in  the  catalase 
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content  of  the  heart  and  1^  muscles  .of  the  confined  pigeons.  The 
catalase  content  of  the  breast  muscles,  however,  had  fallen  during  the 
period  of  confinement  as  is  indicated  by  the  decrease  in  the  amount 
of  oxygen  liberated  from  89  cc.  to  75  cc.  after  five  days  confinement, 
from  89  cc.  to  59  cc.  after  ten  days  confinement  and  from  89  cc.  to  58 
cc.  after  thirty  days  confinement.  The  fact  that  the  catalase  content 
of  the  1^  and  heart  muscles  had  decreased  very  little  during  confine- 
ment may  be  accounted  for  by  the  fact  that  these  particular  muscles 
were  doing  about  the  same  amount  of  work  during  confinement  as 
when  the  pigeons  were  at  liberty.  The  phyucal  work  of  the  breast 
muscles  of  the  pigeons,  however,  being  reduced  practically  to  zero 
during  confinement  was  accompanied  by  a  decrease  in  the  catalase 
content  of  the  muscle  of  approximately  35  per  cent  as  is  indicated  by 
the  decrease  from  89  cc.  to  58  cc.  in  the  amount  of  oxygen  liberated. 


After  heart,  brtatt  and  leg  are  given  the  amounta  of  oxygen  in  cubic  eentimeten 
liberated  in  len  minutea  from  SO  ee.  of  hydrogen  peroxide  bj/  the  eatalaie  in  1 
gram  of  the  retpeetive  mutclet  of  pigeon*  confined  {or  5,  10,  and  SO  days 
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The  experiments  now  to  be  described  were  carried  out  to  determine 
the  effect  of  exercise  on  the  catalase  content  of  the  heart,  leg  and  back 
muscles  of  rats.  Twelve  ordinary  bam  rats,  caught  in  traps,  were 
placed  in  a  small  cage  so  that  there  was  little  opportunity  for  exercise. 
The  catalase  content  of  the  heart,  leg  and  back  muscles  of  four  of  these 
rate  was  determined  soon  after  they  were  caught.  The  average  amount 
of  oxygen  hberated  by  one  gram  of  the  hashed  muscles  of  these  rate 
is  given  in  table  6  after  "Rats  (unconfined)."  The  heart  muscle 
liberated  109  cc.  the  leg  muscles  38  cc.,the  back  muscles  29  cc.  The 
remaining  rats  were  kept  in  a  small  cage  for  one  month.  At  the  end 
of  this  time  the  catalase  content  of  the  heart,  leg  and  back  muscles  of 
four  of  these  rats  was  determined.  In  the  table  after  "Rats  (confined)" 
is  given  the  amounts  of  oxygen  liberated  by  the  heart,  leg  and  back 
muscles  of  these  rats.    It  may  be  seen  that  the  catalase  content  of 
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all  of  these  muscles  bad  decreased  as  is  indicated  by  a  decrease  in  the 
amount  of  oxygen  liberated. 

If  the  effect  of  confinenient  on  the  catalase  content  of  the  muscle 
of  the  pigeons  and  of  the  rats  be  compared  it  will  be  found  that  but 
little  change  had  been  produced  in  the  catalase  content  of  the  hearts 
of  these  animals  by  confinement;  that  the  catalase  content  of  the  mus- 
cles of  the  legs  of  the  pigeons  was  not  changed  while  it  was  decreased 
in  the  muscles  of  the  legs  of  the  rats.     This  difference  in  effect  is 

TABLE  « 

AfUr  heart,  leg  and  back  are  given  ike  oTnounts  o/  oxygen  in  evine  centimeter*  liber- 
ated in  ten  mitwlet  from  SO  cc.  of  hydrogen  peroxide  by  the  catalge  in  1  gram  of 
the  respective  muecle*  of  active  uneonfined  rata,  inactive  confined  rats  and  rait 
exercised 
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accounted  for  by  the  fact  that  the  physical  work  of  the  muscles  of  the 
legs  of  the  pigeons  was  about  the  same  during  confinement  as  when 
the  pigeons  were  at  liberty  while  the  physical  work  of  the  muscles  of 
the  legs  of  the  rats  was  reduced  during  confinement  with  a  corre- 
sponding reduction  in  the  catalase  content  of  the  muscles. 

The  four  remaining  rats  that  had  been  confined  in  a  small  cage  for 
a  month  were  given  exercise  in  the  following  manner.  An  ordinary 
circular  cheese  box  35  cm.  in  diameter  was  attached  to  a  motor  reduc- 
ing gear.  A  piece  of  circular  wire  netting  with  door  cut  in  it  was  used 
as  a  top  for  the  box.     The  box  was  adjusted  so  that  it  could  be  rotated 
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with  its  vertical  axis  in  an  horizontal  direction.  The  rate  were  intro> 
duced  into  the  box  and  it  wae  rotated  at  a  speed  of  fourteen  revolutions 
per  minute  six  hours  each  day,  three  hours  in  the  morning  and  three 
houre  in  the  afternoon  tor  six  successive  days.  This  speed  of  rotation 
kept  the  rats  walking  in  a  comfortable  manner.  At  the  end  of  the 
six  days  the  catalase  content  of  the  heart,  leg  and  back  muscles  of 
the  animals  was  determined.  In  table  6  after  "Rate  (exercised)" 
is  given  the  amount  of  oxygen  liberated  by  the  respective  muscles. 
It  may  be  seen  that  the  average  amount  of  oxygen  hberated  by  the 
heart  muscle  was  102  cc,  that  by  the  leg  muscles  42  cc;  that  by  the 
back  muscles  30  cc.  By  comparing  these  amounts  of  oxygen  with 
those  liberated  by  the  corresponding  muscles  of  "Rats  (confined)" 
it  may  be  seen  that  exercise  had  increased  the  amount  of  catalase 
in  the  leg  and  back  muscles  as  is  indicated  by  the  increase  in  the  oxygen 
liberated  while  little  change  had  been  produced  in  the  catalase  content 
of  the  heart  muscle. 

It  is  recognized  that  oxidation  can  be  increased  or  decreased  in  a 
muscle  by  increasing  or  decreasing  the  amount  of  work  done  by  the 
muscle.  It  may  be  seen  in  the  preceding  experiments  with  pigeons  and 
rats  that  when  the  work  of  the  muscles  was  increased  with  the  result- 
ing increase  in  oxidation  the  amount  of  catalase  was  increased  and 
vice  versa. 

CONCLUSipNS 

1.  The  amount  of  catalase  in  the  different  muscles  of  the  body  varies 
with  the  amount  of  work  done  by  these  muscles;  those  doing  the  great- 
est amount  of  work  contain  most  catalase,  while  the  muscles  doing  the 
least  work  contain  least  catalase. 

2.  By  increasing  or  decreasing  the  external  physical  work  of  a  muscle 
the  amount  of  catalase  is  correspondingly  increased  or  decreased. 
If  the  external  physical  work  of  a  muscle  such  as  the  pectoralis  of  pigeons 
is  reduced  practically  to  zero  the  amount  of  catalase  is  reduced  by 
approximately  38  per  cent. 

3.  Catalase  is  greater  in  amount  in  the  muscles  of  warm  blooded 
animals  in  which  oxidation  is  more  intense  than  in  corresponding  mus- 
cles of  cold  blooded  animals  in  which  oxidation  is  less  intense. 
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INTRODUCTION 

In  a  former  paper  (1)  it  was  shown  that  during  hibernation  of  the 
woodchuck  there  is  an  increase  of  COi  in  the  blood  from  about  70 
volumetric  per  cent  to  as  high  as  100  volumetric  per  cent  in  the  case 
of  the  venous  blood,  and  from  about  68  volumetric  per  cent  to  as  high 
as  87  volumetric  per  cent  in  the  arterial  blood.  This  confirmed  the 
observations  of  Dubois  on  the  European  marmot.  In  discussing  the 
results  it  was  recognized  that  this  difference  in  the  blood  of  the  two 
states  might  have  been  exaggerated  to  some  extent  because  of  the  use 
of  ether  in  immobilizing  the  active  animal,  while  no  anaesthetic  was 
^sed  on  the  dormant  ones.  It  was  concluded  from  a  single  case  in 
which  chloretone  was  used  that  the  probable  error  was  slight.  In  order 
to  make  sure  of  this  point,  it  was  finally  decided  to  make  a  more  exten- 
sive series  of  observations  along  a  similar  line  except  that  some  other 
means  be  used  to  immobilize  the  active  animal. 

A  saturated  aqueous  solution  of  chloretone  was  found  to  be  very 
slow  in  its  action  and  to  involve  the  injection  of  too  large  a  quantity 
of  water  to  be  absorbed  and  thus  t«nd  to  dilute  the  blood.  An  alco- 
hoUc  solution  was  tried  and  found  to  be  more  satisfactory,  especially 
when  aided  by  cocaine  as  a  local  anaesthetic,  if  given  in  a  large  enough 
dose.  Due,  however,  to  the  death  of  about  fifteen  woodchucks  from 
some  unknown  cause,  the  number  of  animals  available  for  this  experi- 
ment was  unintentionally  limited. 

It  was  also  mentioned  in  the  paper  referred  to  above  that  DuBois 
(2)  concluded  that  the  respiratory  capacity  of  the  blood  was  greater 
during  hibernation  because  of  an  increase  in  the  concentration  of  the 
blood.    He  found  that  defibrinated  blood  obtained  from  a  hibernating 
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marmot  with  a  rectal  temperature  of  8.6°C.  when  treated  for  one  hour 
at  12''C.  with  a  current  of  air  and  COj,  contained  124.7  volumetric  per 
cent  COt,  18.6  volumetric  per  cent  0«  and  2.9  volumetric  per  cent  N. 
The  same  treatment  in  summer  in  the  case  of  the  blood  of  an  active 
animal  with  a  rectal  temperature  of  34.2''C.  yielded  only  103.55  volu- 
metric per  cent  CO  ,  13.06  volumetric  per  cent  Oi  and  2.6  volumetric 
per  cent  N.  Somewhat  similar  f^ures  to  these  latter  were  obtained 
from  an  animal  which  while  dormant  in  the  winter  had  been  bled 
and  allowed  to  slowly  warm  up  at  the  rate  of  2.6''C,  in  four  hours, 
and  which  was  bled  a  second  time  when  the  marmot  had  a  rectal 
temperature  of  35.4''C.  The  blood  obtained  at  this  second  bleeding 
and  treated  in  the  same  way  had  less  oxygen  in  it  than  the  blood  of 
the  active  animal,  otherwise  it  was  very  similar.  This  indicated  that 
the  cause  of  the  increased  respiratory  capacity  of  the  blood  during 
winter-sleep  was  due  to  its  increased  concentration.  To  strengthen  this 
belief  was  the  fact  that  the  specific  gravity  of  the  non-defibrinated 
arterial  blood  of  a  torpid  marmot  was  1.071  while  that  of  the  defibrinated 
was  1.0654  as  compared  with  1.046  for  non-defibrinated  and  1.0525  for 
defibrinated  arterial  blood  of  an  active  animal. 

From  an  examination  of  the  specific  gravity  of  the  blood  of  a  few 
woodchucks,  some  of  which  were  killed  during  the  active  state  and 
others  during  hibernation,  it  appeared  that  no  such  striking  increase 
in  the  specific  gravity  of  the  blood  occurred  in  these  animals.  It  was, 
therefore,  interesting  to  know  if  the  respiratory  capacity  of  the  blood 
similarly  showed  no  increase,  granting  that  the  conclusions  of  Dubois 
were  correct.  A  series  of  experiments  were  carried  out  to  test  this 
point  and  to  see  the  relationship  of  the  respiratory  capacity  of 
the  blood  to  its  actual  oxygen  and  carbon-dioxide  content  in  both  the 
active  and  the  dormant  state. 


One  hour  before  the  operation  of  exposing  the  blood  vessels  com* 
menced,  the  animal  (whether  torpid  or  active)  was  given  per  rectum  for 
each  kilogram  of  body  weight  2  cc.  of  50  per  cent  alcohol  containing 
0.3  gram  of  chloretone,  which  b  twice  the  dose  prescribed  for  the 
rabbit.  This  gradually  immobilized  the  active  animal  without  excita- 
tion, and  did  not  disturb  the  hibernating  ones.  With  the  additional 
use  of  a  little  cocaine  as  a  local  anaesthetic,  the  operation  of  exposing 
the  vessels  could  be  done  without  exciting  the  animal. 

As  a  rule  the  hibernating  animals  of  this  series  were  not  as  dormant 
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an  is  the  general  rule.  Since  the  carotid  artery,  which  is  much  more 
inacceflfiible  capccially  in  the  woodchuck  on  account  of  such  a  short 
neck,  was  used  instead  of  the  femoral  artery,  the  chloretone  treatment 
during  winter^Bleep  served  to  lessen  the  possibiUties  of  disturbing  the 
animal  during  the  operation.  Thus  as  many  factors  as  practicable  were 
kept  constant  throughout  the  whole  series. 

The  apparatus  used  and  the  further  procedure  were  essentially  the 
same  as  that  described  in  the  previous  paper,  except  that  only  three 
manometers  were  used  on  each  sample  of  blood.  The  apparatus  being 
in  better  working  order  and  the  manipulations  having  become  more 
accurate  as  a  result  of  increased  experience,  a  larger  number  of  dupli- 
cate analyses  were  not  necessary.  The  venous  blood  was  collected  by 
means  of  an  ordinary  cannula  from  a  large  deep  branch  of  the  jugular, 
thus  doing  sway  with  the  neceesity  of  the  T  tube  used  as  a  cannula 
in  the  previous  series. 

About  2  cc.  of  blood  of  each  kind  (venous  and  arterial)  waa  drawn 
into  two  sampling  pipettes.  Then  nearly  6  cc.  of  arterial  blood  was 
collected  in  a  specific  gravity  bottle,  and  finally  20  cc.  of  arterial  blood 
was  collected  and  defibrinated  in  a  small  flask  containing  glass 
beads.  This  defibrinated  blood  was  filtered  through  absorbent  cot- 
ton and  divided  into  two  equal  portions.  Through  ojie  portion  was 
passed,  for  one  hour  at  a  temperature  of  20''C.,  a  steady  stream  of 
oxygen  which  had  just  been  washed  in  water.  The  other  portion  was 
treat«>d  similarly,  for  one  hour  also  at  20°C.,  with  a  stream  of  carbon 
dioxide  which  had  just  been  passed  through  a  solution  of  sodium  bicar- 
bonate. The  blood  being  saturated  with  these  gases  was  kept  in  closed 
vpsxrls  during  the  process  and  the  rate  of  the  flow  of  gas  was  kept  as 
nearly  equal  as  practicable  throughout  the  whole  series.  Whatever 
ovBiioration  or  dilution  that  might  result  during  this  process  ought  to 
lie  fairly  uniform. 

While  the  defibrinatoil  blood  was  being  saturated  with  gases,  tlie  first 
samples  of  blood  taken  were  analysed  for  oxj-gen.  Then  the  two 
sai)ipk<e  of  defibrinatt.'d  blood,  which  had  by  this  time  become  satu- 
ratcii,  wert'  analj-scd  for  os\'gen.  Finally  the  analysis  of  all  the  samples 
for  carlkon  dioxide  was  carried  out  togelher.  If  care  was  taken  in 
handling  the  defibrinated  blood  which  had  been  saturated  ivith  carbon 
dioxide  so  as  to  expose  it  to  t  tie  air  only  momentarily  and  then  to  quickly 
lake  a  sample  from  the  Ixittora  and  unexposed  portion,  such  blood  con- 
tained no  oxjgen,  and  similarly  the  blood  saturated  with  oxygen  con- 
tained no  carbon  dioxide.  The^  items,  consequently,  do  not  appear  in 
the  tables  of  results  which  follow. 
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The  results  are  tabulated  in  the  three  accompanying  tables.  The 
data  as  seen  in  the  first  two  tables  below  confirm  in  general  those 
obtained  in  the  earlier  series,  and  show  that  the  amount  of  COi  normally 
present  in  the  active  woodchuck  is  comparatively  high,  being  nearly 

TABLE  1 

Blood  gatet  before  hibernation 


OASIBIC    PIBlDOCC 

Ori.LOODB.X.DCU.IoO'C. 

utnTU 

DATB  C*  *1(U.nU 

R«t>J 

Reduced 

0, 

CO. 

^S, 

Renurk* 

Afl.C. 

tran> 

32 

October  14, 
1915 

A 

V 

19.91 
16.29 

64.85 
76,16 

37.3 

3.504 

Active 

D 

362 

10-31 

33 

October  19, 
1915 

A 

V 

19  40 
16  00 

77.55 
86.30 

36.7 

1,830 

Active 

D 

3.40 

8.75 

34 

October  23,        J 
1915 

A 
V 

10  41 
13.26 

78  62 
85,70 

35.6 

1,925 

Active 

D 

6.15 

708 

35 

October  26, 
1915 

A 
V 

23.21 
16.ft4 

66-62 
74.23 

37.1 

2,400 

Active 

D 

6.57 

7.61 

36 

October  30, 
1915 

A 
V 

20  84 
10.19 

62.95 
77,51 

34.7 

1,900 

Active 

D 

10.65 

14.56 

38 

1915 

A 
V 

19-47 
16,02 

70.61 
75,99 

33.9 

2,688 

Active 

D 

3.45 

5.38 

41 

December  4, 
1915 

A 
V 

16.80 
10.80 

67.00 
72.51 

34.0 

1,258 

Active 

D 

6.00 

5.51 

A 

19.86 

69,75 

1 

Averag 

e 

V 
D 

14.17 
5.69 

78.20 

8.46 

^    35.2 

2,215 

Average 
maU 
■eriesv 

of   active   ani-    1 
f    the    earUer 
here  ether  was    j 

A 
V 
D 

19,07 
13-04 
6.03 

67,86 
70  OS 

2.22 

31.7 

used 

J 
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TABLES 

Blood  gates  during/  hiberrtfUion 


lUlH 

!C  FIB  100  cc  or 

DAMor*NU.T.M 

INDTWHU.rauMIBI 

111) 

1 

1 

o, 

CO, 

|l 

P 

lUnuib 

i^.C. 

«re>« 

December  23 
1915 

A 

22.69 

68-87 

Dormant.    Had  a  rec- 

44 

V 

7.18 

90.34 

13 

3,051 

tal    temperature    of 

D 

15.51 

21.47 

9°C.   five   days  pre* 

viously. 

A 

20.50 

79,13 

45 

1916 

V 
D 

15.33 
5.17 

94.01 
14.88 

10 

2,046 

Dormant 

February  1 
1910 

A 

17,44 

60-74 

Dormant.    All  but  one 

46 

V 

12.07 

68,96 

9 

1,780 

other  animal  in  theae 

D 

5.37 

8,22 

burrows  were  awake 

and  active 

February  3 
1916 

A 

19,36 

65.52 

Dormant.    Also  aaleep 

47 

V 

9.68 

81.63 

6 

1,580 

D 

9-68 

16.11 

Other  animals  in  the 

same  burrow  awake 

with  rect.  T.  35°C. 

52 

March  4 
1916 

A 
V 

20-51 
19,70 

84-97 

99.75 

10 

1,203 

Very  dormant 

D 

.81 

14.78 

A 

25.38 

87.99 

1 

S3 

March  6 
1916 

V 

13.30 

94,52 

12 

1,849 

Very  dormant 

D 

12.08 

6.53 

i 

f 

A 

20.98 

74.51 

1 

Average i 

V 

D 

12,88 
8,10 

88.20 
13  69 

1" 

1,918 

70  volumetric  per  cent  as  an  average  of  seven  animals.  This  is  slightly 
less  than  2  volumetric  per  cent  higher  than  was  obtained  when  ether 
was  used — the  average  of  the  six  determinations  made  with  ether  as  the 
anaesthesia  being  placed  at  the  end  of  table  1  for  ready  comparison. 

All  other  figures  also  compare  well,  the  variations  being  as  close  as 
could  be  expected  from  the  limited  number  of  animals  involved,  except 
the  lower  percentage  of  COs  in  the  venous  blood  of  the  ether  series. 
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There  is  on  an  aven^  only  a  difference  of  2.22  volumetric  per  cent 
in  the  COi  in  the  venous  and  in  the  arterial  blood  where  ether  was 
used,  as  compared  with  8.46  volumetric  per  cent  difference  in  the  chlore- 
tone  series.  This  error,  while  somewhat  great  when  taken  alone,  does 
not  seriously  modify  the  general  difference  observed  between  the  gases 
in  the  blood  of  the  two  states. 

By  comparing  tables  1  and  2  it  will  be  seen  that  the  COi  content 
of  the  blood  is  much  higher  during  hibernation,  reaching  nearly  100 
volumetric  per  cent  in  animal  52.  The  average  per  cent  of  COj  in  the 
blood  of  this  series  of  six  hibernating  animals  is  probably  not  repre- 
sentative because  of  animals  46  and  47.  During  the  latter  part  of 
January  and  early  part  of  February  all  our  woodchucks,  except  these 
two  (46  and  47)  were  awake  and  more  or  less  active,  some  of  them  hav- 
ing a  rectal  temperature  of  35°C.  Since  it  was  desirable  to  get  analyses 
during  the  middle  part  of  the  hibernating  period,  the  only  two  animals 
that  were  dormant  were  utilized.  These  two  woodchucks  were  freely 
accessible  to  the  active  ones  since  the  burrows  communicated,  and  had 
undoubtedly  been  disturbed.  It  has  been  repeatedly  shown  that  when 
hibernating  animals  are  disturbed  and  awakening  commences,  there  is 
a  great  increase  in  the  elimination  of  COi  (3).  In  general  the  duration 
and  depth  of  torpor  obtained  during  this  last  winter  was  unmistakably 
much  less  than  that  obtained  during  the  preceding  season.  The  un- 
usually mild  weather  which  existed  for  a  long  period  in  January  natu- 
rally suggests  itself  as  having  had  something  to  do  with  this  unusually 
long  period  of  awakening,  although  the  relation  of  cold  to  winter-sleep 
is  not  agreed  upon. 

The  fact  that  the  two  woodchucks  under  consideration  were  asleep 
while  there  was  practically  no  excess  of  COi  in  the  blood,  has  a  bearing 
upon  the  theory  of  Dubois,  namely  that  the  accumulation  of  an  ex- 
cessive amount  of  COi  in  the  blood  and  tissues  of  hibernating  animals 
is  an  essential  condition  in  maintaining  dormancy  during  winter  sleep. 
Here  are  apparently  two  cases  of  torpor  with  practically  no  excess  of 
COi,  unless  these  particular  animals  in  the  active  state  naturally  had 
much  less  COi  in  the  blood  than  has  been  the  case  in  any  woodchuck 
so  far  investigated.  There  is,  of  course,  always  this  possibility.  Then 
again  there  is  the  possibility  that  the  excess  of  C0»  in  the  system  may 
only  be  a  result  of  altered  ventilation  and  a  decrease  in  the  irritability 
of  the  respiratory  center.  The  air  in  the  burrows  must  become  heavily 
charged  with  COj  because  of  the  comparatively  small  amount  of  air 
confined  within  when  the  snow  covers  the  ground.     If  the  respiratory 
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center  during  this  period  is  less  sensitive  to  the  increased  H  ion  con- 
centration which  would  follow  the  higher  COi  pressure  in  the  alveolar 
air,  CO]  would  naturally  accumulate  in  the  blood  and  tissues. 

A  further  comparison  of  tables  1  and  2  shows  that  there  is  distinctly 
a  greater  difference  between  the  amount  of  COi  in  the  venous  and  in 
the  arterial  blood  of  the  hibernating  animal.  Similarly,  there  is  a 
greater  difference  between  the  amount  of  Oi  in  the  arterial  and  in  the 
venous  blood  during  winter  sleep. 

In  the  previous  paper,  it  was  stated  that  a  number  of  observers 
(Valentin,  Quincke,  Claude  Bernard,  Marte,  Allen  Clegbom)  bad 
noted  that  the  blood  of  hibernating  animals  viaa  unusually  bright  in 
the  veins,  leading  some  of  them  to  conclude  that  all  the  blood  was 
arterial  during  winter-sleep.  In  animal  52  there  is  nearly  as  much 
Oi  in  the  venous  blood  as  in  the  arterial.  No  difference  in  color  could 
be  detected  after  being  collected  in  the  sampling  pipettes.  This  is  the 
only  case  where  in  an  undisturbed  animal  such  a  condition  was  ob- 
served. It  may  be  noted,  however,  that  the  maximum  percentage  of 
Oi  recorded  in  any  case  where  there  was  no  evidence  of  overventilation 
in  either  series  was  found  during  hibernation.  In  the  ether  series  it 
amounted  to  25.76  volumetric  per  cent  in  the  arterial  blood  of  a  torpid 
animal  (rectal  temperature  6°C.,  no  anaesthesia)  examined  December 
19,  1914.  In  the  cbloretone  series  it  occured  also  in  the  arterial  blood 
of  a  dormant  animal  (rectal  temperature  12°C,,  chloretone)  examined 
March  6,  1916,  and  amounted  to  25.38  volumetric  per  cent. 

The  results  of  saturating  the  defibrinated  arterial  blood  with  COj 
and  Oi  are  found  in  the  table  below  in  connection  with  other  related 
data. 

The  table  shows  that  during  hibernation  there  is  in  the  woodchuck 
no  difference  in  the  Oa  absorbing  capacity  of  the  blood,  but  a  distinct 
decrease  in  the  power  to  absorb  CO],  notwithstanding  the  fact  that  the 
average  specific  gravity  of  the  blood  of  these  particular  dormant  ani- 
mals is  slightly  greater  than  that  of  the  active  ones.  The  average 
weight  of  the  active  animals  is  but  slightly  greater  than  that  of  the 
torpid  ones,  hence  this  difference  is  not  due  to  having  used  smaller 
animals  during  the  winter,  so  that  the  withdrawal  of  the  same  a-*  ount 
of  blood  would  represent  in  the  smaller  hibernating  animal  a  relatively 
greater  hemorrhage  and  cause  a  greater  dilution  of  the  blood  by  the 
influx  of  lymph  as  the  blood  pressure  falls.  It  may  also  be  mentioned 
here  that  during  winter-sleep  the  blood  volume  probably  decreases 
slightly  less  rapidly  than  dors  the  body  weight  as  a  whole,  at  least  the 
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percentage  of  blood  does  oot  decrease  below  that  found  just  before 
hibernation;  The  data  supporting  this  statement  will  be  published 
later.  Hence  the  blood  volume  of  the  hibernating  animals  used  here 
is  undoubtedly  fully  equal  to  that  of  the  active  ones. 

TABLE  3 
BetpiTOtory  capacity  o/  the  blood 


..„„„.™. 

BLOOB 

(•■un 

fleet. 

Re- 

R«nuki 

o,    1  CO, 

Before  hiberoation 


October  19,  1915 

October  23,  1915 

October  26,  1915 

October  30,  1915 

November  13,  1915.. 
December  4,  1915. . . . 


222,48 
247  34 
235  46 
212. S9 
205.12 


1,0573 

1.0579 
1.0646 
1.0577 
1.0596 
1,0562 


Active 


21,92223.25     1.0589     35 


During  hibern&tion 


44 
45 
46 

47 

February  1,  1916 

February  3,  1916 

22.39 
34.86 
19.13 
21.18 

20  la 

23  92 

215,79 
197,81 
189.21 
203  79 
217.26 
231,88 

1,0620 
1,0647 
1,0571 
1,0631 
1,0565 
1,0628 

13 
10 
9 
6 
10 
12 

3051 
2046 
1780 
1530 
1203 
1»49 

Dormant 
Dormant 
Dormant 
Donnant 

63 

March  6,  1916 

Dormant 

Aver 

21,94 

209  29 

1.0610 

10 

1918 

The  results  show  also  that  the  blood  of  the  woodcbuck  has  an  extra- 
ordinary capacity  for  absorbing  COi.  In  the  six  active  animals  it  ranges 
from  205.12  volumetric  per  cent  to  247.35  volumetric  per  cent  with  an 
average  of  223.25  volumetric  per  cent.  In  the  six  hibernating  animals 
the  limits  are  189.21  volumetric  per  cent  and  231.88  with  an  average 
of  only  209.29  volumetric  per  cent.  Dubois  maintains  that  the  respira- 
tory capacity  of  the  blood  increases  during  winter-sleep  in  the  case  of 
the  European  marmot.     His  investigation  was,  however,  limited  to 
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three  animals  and  in  these  the  variation  in  the  specific  gravity  of  the 
blood  was  far  greater  than  has  ever  been  found  in  the  woodcbuck  in 
this  laboratory,  where  up  to  the  present  time  the  specific  gravity  of 
the  blood  of  about  50  woodchucks  has  been  determined. 

In  view  of  the  fact  that  during  inanition,  especially  of  man  and  other 
animals  whose  food  is  partly  or  entirely  of  a  vegetable  character,  there 
is  a  decrease  in  the  alkalinity  of  the  blood,  i.e.,  a  tendency  towards 
acidosis  as  deducted  from  the  analysis  of  the  urine  and  alveolar  air 
(4),  one  would  expect  the  amount  of  COj  capable  of  being  absorbed  by 
the  blood  to  be  distinctly  less  during  hibernation,  of  herbivorous  ani- 
mals at  least.  The  woodchuck  is  strictly  herbivorous,  but  during 
winter-sleep  it  lives  entirely  on  its  own  tissues  and  so  may  be  considered 
a  camivor.  Of  the  tissues  consumed  during  hibernation  a  very  large 
fraction  is  adipose.  The  respiratory  quotient  is,  therefore,  small  dur- 
ing lethansy.  It  has  been  shown  by  several  authors  (5)  that  the  respira- 
tory quotient  may  fall  as  low  as  0.5,  thus  indicating  not  only  that  the 
food  is  fat  and  proteins,  but  also  that  there  is  a  retention  of  oxygen, 
undoubtedly  as  COg  and  probably  also  in  the  form  of  some  incompletely 
oxidized  products.  A  fat-rich  diet  is  now  looked  upon  as  tending  to 
produce  acidosis  because  of  incomplete  oxidation  of  the  fats  and  conse- 
quently the  formation  of  acetone  bodies  (acetone,  aceto-acetic,  B-oxy- 
butjric  acid).  (6) 

That  the  withdrawal  of  the  alkalies  normally  supplied  in  a  vege- 
table diet  and  utilization  of  purely  animal  matter  (the  tissues  of  the 
body)  as  occur  with  the  onset  of  hibernation,  does  increase  the  acid 
radicals  (other  than  COj)  relative  to  the  basic  radicals  in  some  hibeiv 
nating  animals  is  in  general  supported  by  the  meagre  facts  available 
on  the  reaction  of  the  urine  of  such  animals.  Thus  Dubois  (7)  found 
invariably  that  the  urine  of  the  marmot  during  the  summer  when  fed 
on  its  normal  vegetable  diet  was  alkaline,  while  that  of  the  dormant 
animal  was  acid.  From  Polimanti's  (8)  review  of  the  literature  there 
is  some  disagreement,  however.  Horvath  reports  that  the  spermophile 
voids  a  lai^e  quantity  of  alkaline  urine  when  first  it  wakes  up  from  win- 
ter sleep.  Albini  found  that  the  urine  dischai^ed  by  the  marmot  when 
it  wakes  is  neutral,  while  Quincke's  examination  of  the  urine  of  a  hiber- 
nating marmot  indicated  a  slightly  acid  reaction,  with  some  albumin 
and  skatolc,  but  no  indican.  I.  Monti  explained  the  diiference  in  the 
reaction  of  the  urine  upon  a  difi'erence  in  the  amount  of  gastric  juice  in 
the  stomach.  Polimanti's  own  observations  (p.  351)  are  in  agreement 
with  those  of  Dubois  on  the  alkaline  character  of  the  marmot's  urine 
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in  the  active  state  while  being  fed  its  usual  vegetable  diet.  He  agrees 
also  with  Dubois  and  Quincke  on  the  acid  reaction  of  the  urine  during 
hibernation.  While  nothing  has  been  done  on  the  urine  of  the  wood- 
chuck,  there  is  every  reason  to  believe  that  the  conditions  are  the  same 
as  in  the  European  marmot.  The  figures  given  by  Noe  (9)  on  the 
acidity  of  the  urine  of  the  hedgehog  (an  insectivore),  excluding  the 
single  case  reported  in  June,  show  a  low  acidity  in  January  and  an 
increase  in  acidity  with  the  prt^^refis  of  winter,  reaching  a  maximum 
in  March  (corresponding  probably  to  the  end  of  hibemation)  after 
which  there  is  a  decrease  again. 

It  is  well  known  that  weak  acids  readily  drive  out  the  COt  from  the 
blood.  It  was,  for  example,  shown  by  Walter  (10)  many  years  ago 
that  the  introduction  of  hydrochloric  acid  into  the  stomach  of  the 
rabbit  may  reduce  the  COi  in  the  blood  to  only  2  or  3  volumetric  per 
cent.  It  is  but  to  be  expected  that  during  hibernation  of  the  wood- 
chuck  there  will  be  sufficient  acidosis  to  distinctly  decrease  the  power 
of  the  blood  to  absorb  COi.  The  fact  that  the  blood  actually  contains 
more  COi  during  the  dormant  period  would  indicate  that  the  respira- 
tory center  has  become  much  less  sensitive  to  the  H  ion  concentration 
of  the  blood  and  that  the  COj  pressure  in  the  alveoli  of  the  animal  must 
also  be  very  high  in  order  to  maintain  such  a  large  amount  of  COi 
in  the  blood  in  the  presence  of  a  probable  reduction  in  it«  alkalinity. 

It  is  strange  that  the  arterial  blood  does  not  contain  less  oxygen 
during  hibernation  than  during  the  active  state,  if  such  an  increase 
in  the  H  ion  concentration  actually  occurs.  Following  the  discovery 
by  Bohr,  Hasselbalch  and  Kr<^h  (11),  that  an  increase  in  the  amount 
of  COi  in  the  blood  increases  the  relative  amount  of  reduced  hemo- 
globin, it  was  found  that  other  acida  also  decreased  the  effective  con- 
centration of  oxygen  and  that  the  effect  is  due  to  the  H  ion  concentra- 
tion (12).  The  results  above  show,  however,  that  there  is,  if  any  thing, 
more  oxygen  in  the  arterial  blood  during  hibernation  than  during  the 
active  state. 

SUUHART 

1.  A  determination  of  the  blood  gases  after  treating  woodchucks 
with  chloretone,  indicates  that  the  use  of  ether  in  the  previous  series 
of  experiments  on  blood  gases  during  hibernation  decreased  somewhat 
the  amount  of  COt  in  the  venous  blood  of  the  active  animal. 

2.  All  other  figures  in  this  series  agree  with  those  obtained  in  the  first 
series  as  closely  as  could  be  expected,  and  hence  show  the  same  general 
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conditioD — that  there  jb  a  relatively  high  COi  content  in  the  blood  of 
the  woodchuck  even  when  awake  and  active,  that  there  is  a  marked 
increase  in  the  amount  of  COj  in  the  blood  during  hibernation  and  espe- 
cially during  the  latter  part  of  this  torpid  state,  and  that  the  difference 
in  the  amount  of  gases  in  the  venous  and  in  the  arterial  blood  is  greater 
during  winter-sleep  than  during  the  active  state. 

3.  A  single  ease  was  found  in  which  during  hibernation  the  venous 
blood  could  not  be  distinguished  from  the  arterial  by  its  general  ap- 
pearance. This  venous  blood  upon  analysis  contained  only  0.81  volu- 
metric per  cent  less  oxygen  than  did  the  arterial.  This  condition, 
which  has  been  reported  as  being  the  general  rule  in  the  dormant 
state  of  hibernating  animals  by  a  number  of  observers,  is  only  rarely 
found  in  the  woodchuck. 

4.  The  oxygen  absorbing  power  of  the  blood  is  not  changed  during 
hibernation. 

5.  The  absorbing  power  of  the  blood  for  COi  decreases  during  hiber- 
nation This  may  be  ascribed  to  a  probable  decrease  in  the  alkalinity 
of  the  blood. 

Again  the  encouragement  and  direction  received  from  Dr.  Sutherland 
Simpson  during  the  progress  of  this  investigation  ifi  acknowledged,  as 
is  also  the  assistance  rendered  by  Gertrude  B.  Rasmussen  during  the 
operations. 
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The  phenomenon  of  hibernation  is  of  great  interest  to  the  biologist. 
Its  possible  causes  and  physiologic  processes  have  been  the  subject 
of  many  investigations.  These  experiments  and  observations  have 
demonstrated  many  facts  in  regard  to  hibernation,  and  have  especially 
emphasized  the  profound  change  in  metabolism  which  takes  place  in 
the  hibernatii^  animal. 

Many  of  the  ductless  glands  certainly  have  considerable  to  do  with 
the  metabolic  processes.  As  the  changes  in  metabolism  are  so  marked 
during  the  hibernating  state,  it  was  thought  that  possibly  new  insight 
into  the  function  of  some  of  the  ductless  glands,  or  a  cause  for  hiber- 
nation, might  be  obtained  by  a  study  of  these  glands  in  a  hibernating 
animal.  Observations  were  carried  out  during  the  summer  of  1914 
and  the  winter  of  1914-15,  on  a  series  of  spcrmophilus  tridecemlineatus 
(gophers).  The  number  of  animals  studied  was  small  and  the  results 
inconclusive.  The  publication  of  positive  results  by  other  workers 
(1)  incited  me  to  repeat  the  experiment,  using  a  larger  series  of  ani- 
mals and  observing  control  conditions  more  carefully.  I  shall  report 
the  complete  study. 

While  many  studies  have  been  undertaken  on  different  phases  of 
hibernation  (2)  very  few  have  been  made  with  special  reference  to 
any  of  the  ductless  glands. 

Gemelli  (3)  made  a  study  of  the  hypophysis  in  22  adult  marmots. 
Some  of  these  animals  were  sacrificed  while  in  the  hibernating  state; 
others  shortly  after  awakening,  and  the  rest  during  the  summer  season. 
Each  hypophysis  was  studied  histolt^cally.  Gemelli  did  not  find  any 
modification  in  the  nerve-lobe  or  in  the  post«rior  part  of  the  glandular 
lobe.  In  the  anterior  part  of  the  glandular  lobe  there  were  marked 
changes.  These  occurred  only  in  the  chromophile  cells.  During  the 
summer  these  cells  were  accumulated  in  big  clumps,  but  during  hi- 
bernation they  were  enormously  decreased.  Shortly  after  the  animal 
awakened  many  mitotic  figures  were  found. 
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After  our  study  was  begun,  Cuahing  and  Goetsch  (1)  published 
an  article  dealing  with  the  subject.  Beside  a  geueral  review  of  the 
clinical  and  experimental  work  done  on  the  pituitary  gland,  the  data 
submitted  consisted  of  an  histologic  study  of  most  of  the  ductless 
glands  of  seven  woodchucks,  three  of  which  were  hibernating  and  four 
active.  The  observations  showed  evidence  of  pluriglandular  insuffi- 
ciency in  the  dormant  state,  but  the  most  striking  change  occurred 
in  the  anterior  lobe  of  the  pituitary  gland.  The  latter  consisted  of 
a  loss  of  characteristic  cellular  topography  of  the  pars  anterior,  and, 
in  the  case  of  the  individual  cells,  of  a  shrinkage  of  both  the  nuclear 
and  protoplasmic  substance  of  the  cell  with  complete  loss  of  the  char- 
acteristic histologic  picture  of  the  active  gland,  namely,  the  differential 
staining  qualities  of  the  granular  content  with  acid  and  basic  dyes. 
On  the  basis  of  these  observations  Gushing  and  Goetsch  (1)  conclude 
that  hibernation  may  be  ascribed  to  the  seasonal  physiologic  wave 
of  pluriglandular  inactivity.  The  essential  role  may  perhaps  be  as- 
cribed to  the  pituitary  body  not  only  because  the  most  striking  bis- 
tologic  change  appears  in  this  structure  but  also  because  deprivation 
of  the  secretion  of  this  gland  alone,  of  the  entire  ductless  gland  aeries, 
produces  a  group  of  symptoms  comparable  to  hibematioo. 

In  our  experiments  the  spermophile  was  selected  because  of  its  great 
prevalence  locally.  While  it  is  probably  not  as  typical  an  example 
of  the  hibernating  animal  as  the  marmot,  it  does  become  profoundly 
lethargic.  It  was  found  to  be  a  very  satisfactory  laboratory  animal, 
being  easily  cared  for  and  free  from  disease.  However,  several  facts 
must  be  considered  in  adapting  it  to  laboratory  use.  The  old  animals 
withstand  operation  very  well  but  are  prone  to  tear  open  their  own 
or  another's  wound.  To  avoid  this  they  must  be  kept  in  separate 
cages  for  a  few  days  after  operation  and  the  wound  should  be  spooged 
with  a  strong  solution  of  iodin.  The  young  during  the  first  three  or 
four  months  of  life  do  not  withstand  operation  ■  very  well.  As  the 
spennophiles  do  not  all  hibernate  at  the  same  temperature,  it  is  ad- 
visable to  maintain  the  temperature  of  the  room  in  which  several 
animals  are  kept  together  in  one  cage  above  the  hibernating  tempera- 
ture; otherwise  the  active  animals  will  kill  those  that  are  torpid.  Dur- 
ing the  season  of  rut  it  is  necessary  to  keep  the  males  separate. 

While  the  causative  processes  of  hibernation  are  still  unknown, 
there  are  environmental  conditions  which  have  long  been  considered 
important  factors,  namely,  lowered  temperature  and  a  decreased  food 
supply.    To  these  may  be  added  an  intrinsic  factor,  the  nutritional 
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condition  of  the  animal.  I  attempted  to  control  these  factors  but 
found  that  in  the  spermophile  they  are  of  importance  only  within 
very  wide  limits.  A  spermophile  will  not  become  torpid  immediately 
after  eating,  and  withdrawal  of  food  seems  to  be  a  factor  in  producing 
torpidity.  However,  it  will  hibernate  even  when  it  has  access  to  &■ 
good  food  supply  if  the  other  factors  are  favorable.  While  changes 
of  temperature  are  of  the  greatest  importance,  they  are  active  only 
within  a  wide  limit.  Very  rarely  will  an  animal  become  torpid  at  a 
temperature  higher  than  24*C.  and  usually  every  animal  will  be  lethar- 
gic when  the  temperature  gets  as  low  as  S^C.  An  animal  does  not 
always  hibernate  at  the  same  temperature.     It  may  be  torpid  at  a  cer- 

Tke  temperature  at  mhieh  100  apermophilei  first  beeeane  torpid* 
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*  Note  that  the  removal  ol  the  ovaries,  testicles,  adrenals,  aod  thyroids  did 
not  materially  change  the  percentage  of  those  becomiag  torpid  at  the  dilTerent 
temperatures  aa  compared  with  normal  animals. 

tain  temperature  and  a  few  days  later  active  at  a  much  lower  temper- 
ature. Some  animals  after  once  becoming  torpid  remain  in  that  con- 
dition for  months.  Others  after  becoming  torpid  may  at  various  times 
be  warm  to  the  touch  though  not  active.  Still  others  pass  through 
periods  of  torpidity  and  periods  of  activity  when  they  will  take  food, 
without  any  apparent  relation  to  temperature.  In  general,  a  very 
fat  animal  and  a  very  thin  one  will  become  torpid  sooner  than  an  ani- 
mal that  is  very  active.  It  is  thus  seen  that  while  temperature,  food 
and  the  nutritional  conditions  are  important  factors,  they  are  of  value 
only  when  taken  in  consideration  with  the  general  phenomena  of 
hibernation.  In  ourstudy  the  temperature  was  found  to  be  the  only 
factor  of  any  practical  importance  and  it  was  of  significance  only  when 
carefully  controlled. 
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The  apimaU  were  kept  in  several  rooms  so  that  each  experiment 
could  be  CMefully  checked  in  regard  to  laboratory  conditions.  Some 
of  the  rooms  were  dark  and  could  be  maintained  at  any  desired  tem- 
perature. Other  rooms  were  kept  very  warm,  and  others  were  allowed 
to  change  with  the  outside  temperature.  Usually  when  it  was  de- 
sired to  make  an  animal  hibernate,  food  was  withdrawn,  the  animal 
was  placed  in  a  dark  room  and  the  temperature  was  gradually  decreased. 
This  approximated  normal  conditions,  and  as  a  rule,  the  method  proved 
to  be  very  satisfactory. 

Two  general  methods  were  employed  in  investigating  the  possible 
relationship  between  the  ductless  glands  and  hibernation. 

The  first  method  consisted  in  a  compilative  histologic  study  of 
all  the  glands  in  active  and  torpid  animals.  The  active  animals  were 
sacrificed  by  bleeding  under  light  ether  anesthesia.  Specimens  from 
active  animals  were  obtained  every  few  weeks  throughout  the  year, 
thus  eliminating  the  effect  of  seasonal  variation.  The  glands  of  the 
hibernating  animals  were  obtained  at  various  times  i^ter  the  beginning 
of  the  lethargic  condition.  The  torpid  animals  were  sacrificed  by 
bleeding;  it  was  not  necessary  to  anesthetize  them.  The  specimens 
were  fixed  mainly  in  formalin,  acetic  Zenker  and  neutral  formalin 
Zenker. 

It  is  obvious  that  if  any  of  the  ductless  glands  are  a  causative  fac- 
tor in  hibernation,  only  initial  changes  can  be  considered  as  offering 
any  valid  data  in  a  study  of  this  character,  because  after  a  long-con- 
tinued period  of  hibernation,  the  changes  m^ht  be  the  result  and  not 
the  cause  of  the  torpid  state.  For  this  reason  the  greatest  attention 
was  paid  to  the  animals  which  had  hibernated  only  a  short  time. 

The  second  method  consisted  in  removing  certain  of  the  ductless 
glands,  and  after  various  lengths  of  time  determining  whether  the 
operated  animals  would  become  torpid  in  the  same  manner  as  the  un- 
operated  controls.  If  any  of  the  glands  of  internal  secretion  are  causa- 
tive factors  or  inhibit  the  hibernating  state,  removal  of  these  glands 
should  vary  the  normal  induction  of  torpidity.  Of  course  this  method 
could  be  used  only  in  a  study  of  the  glands  which  can  be  surgically 
removed.  Practically  it  was  found  that  the  sex  glands,  thyroids  and 
adrenals  were  the  only  glands  that  could  be  studied  by  this  method. 
A  study  of  all  the  tissues  of  the  hibernating  spermophile  showed 
that  there  is  one  slight  change  which  in  general  is  common  to  most 
tissues.  This  change  consists  in  a  slight  shrinking  of  the  cell,  with  a 
decrease  in  both  the  distinctness  of  the  cell  outline  and  the  intensity 
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of  the  Btaining  reactioa.  Id  additiion,  there  are  marked  fatty  changes, 
especially  in  the  liver,  and  congestion,  especially  in  the  spleen. 

The  ductless  glands  of  the  spermophile  are  very  small.  Because 
of  this  fact,  several  were  lost  or  destroyed  during  the  process  of  his- 
tologic technic.  However,  a  sufficient  number  were  obtained  for  a 
complete  study. 

The  sex  glands.  With  regard  to  hibernation  there  are  minor  dif- 
ferences between  the  male  and  female.  In  the  wild  state  it  seems 
that,  in  general,  the  male  is  the  first  to  appear  in  the  spring  and  the 
last  to  disappear  in  the  fall.  My  observations  seem  to  show  that  the 
female  becomes  torpid  sooner  than  the  male.  The  difference,  however, 
is  very  slight. 

The  seasonal  variation  in  the  sex  glands  and  accessory  reproductive 
organs  is  well  marked  but  need  not  concern  us  here  except  in  regard 
to  the  fact  that  it  takes  place  in  animals  that  have  been  active  all 
winter  a  little  sooner  than  in  those  that  have  hibernated.  Also  as 
far  as  could  be  determined,  captivity  does  not  interfere  with  the  sexual 
cycle  except  that  it  causes  it  to  begin  and  terminate  earlier  in  the  season. 

The  testicle.  The  examination  of  the  testicles  at  various  periods  of 
the  year  showed  the  changes  occurring  at  various  stages  of  the  sexual 
cycle.  These  changes  are  very  sUght  from  the  beginning  of  early  fall 
to  the  beginning  of  rut. 

In  July,  1914,  the  testicles  were  removed  from  two  spermophiles. 
The  animals  hibernated  under  eaxctly  the  same  conditions  as  the 
normal  controls  during  the  winter  of  1914-15.  One  of  them  was  ob- 
served also  during  the  fall  of  1915  and  no  change  was  noted. 

During  the  summer  of  1915,  twelve  animals  were  castrated.  These 
animals  hibernated  normally. 

The  ovaries.  The  ovaries  show  a  marked  seasonal  variation.  The 
luteal  cells  do  not  persist  until  the  beginning  of  hibernation.  The 
changes  occurring  in  the  ovary  are  those  incident  to  the  development 
of  a  large  number  of  graafian  follicles.  Most  of  these  follicles  are  de- 
veloped before  the  period  of  hibernation,  and  during  hibernation  the 
changes  are  slight. 

The  ovaries  were  removed  from  two  spermophiles  in  July,  1914. 
The  animals  hibernated  normally  during  the  winter  of  1914-15  and 
the  fall  of  1915.  During  the  summer  of  1915  the  ovaries  were  removed 
from  twelve  animals.  All  hibernated  under  the  same  condition  as 
the  normal  animals. 
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The  thyroids.  The  histolc^c  picture  of  the  thyroid  of  the  spermo- 
phile  is  very  uniform.  The  acini  are  relatively  large  and  filled  with 
colloid;  the  cells  very  low  or  flat.  The  Becretion  granules  are  usually 
very  few  in  number.  I  have  not  noticed  any  difference  between  the 
thyroids  of  active  and  hibernating  animals. 

The  thyroid  can  be  removed  in  the  adult  animal  without  the  pro- 
duction of  any  changes.  In  July,  1914,  the  thyroids  were  removed 
from  four  spermophiles.  These  hibernated  normally  during  the  winter 
of  1914-15  and  two  were  alive  and  hibernated  during  the  fall  of  1915. 
During  the  aummer  of  1915  the  thyroids  were  removed  from  twelve 
animals.  These  hibernated  under  the  same  condition  as  the  con- 
trols. In  the  animals  operated  on  histologic  examination  showed  that 
the  thyroid  was  removed  although  it  was  impossible  to  state  that  all 
thyroid  tissue  had  been  taken  out.  Necropsies  were  performed  on 
practically  all  the  animals  and  in  only  one  was  any  thyroid  tissue  found 
on  macroscopic  examination. 

The  parath^oids.  The  parathyroids  are  relatively  large  in  the 
sperraophile.  They  are  found  not  only  attached  to  the  thyroids  but 
^o  buried  in  the  hibernating  gland  in  the  neck  or  anterior  mediastinum. 
The  histologic  examination  of  these  glands  shows  that  in  some  animals 
they  undergo  very  slight  changes  during  hibernation.  These  changes 
consist  in  a  decrease  in  their  ability  to  take  up  the  stains  and  a  more 
irregular  arrangement  of  the  cells.  In  many  hibernating  animals 
they  cannot  be  observed. 

The  thymus.  A  considerable  amount  of  lymphoid  tissue  is  always 
found  buried  in  the  substance  of  the  hibernating  gland  in  the  anterior 
mediastinum.  Hassall's  corpuscles  were  noted  in  only  a  few  of  the 
animals  examined.  In  some  cases  the  staining  abihty  of  the  lyinphoid 
tissues  and  corpuscles  of  the  gland  from  the  hibernating  animal  seemed 
to  be  decreased.  This  decrease,  however,  was  not  uniform  and  so 
slight  as  not  to  warrant  any  positive  statement. 

The  islands  of  LangerkaTis.  The  histologic  picture  of  the  pancreas 
of  a  hibernating  spermophile  does  not  differ  essentially  from  that  of 
a  resting  pancreas.  The  islands  of  Langerhans  are  large  and  well 
developed  in  the  spermophile,  and  the  A  and  B  cells  are  well  differ- 
entiated. The  only  changes  noted  in  the  islands  of  the  hibernating 
animal  were  a  very  slight  decrease  in  staining  properties  and  an  irr^u- 
larity  in  the  arrangement  of  the  cells.     This  change  is  not  uniform. 

The  adrenals.  The  adrenal  of  the  spermophile  is  a  small  but  per- 
fect gland  having  a  medulla  and  cortex  with  its  three  fairly  well  dc- 
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fined  zones.  This  gland  undergoes  fairly  definite  and  uniform  seasonal 
changes.  However,  these  changes  have  not  been  observed  in  all 
animals.  The  adrenal  shows  a  gn^s  increase  in  size  in  the  spring  and 
on  histologic  examination  all  the  cells  of  both  the  cortex  and  medulla 
are  found  to  be  swollen.  The  main  change  takes  place  in  a  stratum 
of  cells  which  are  located  in  the  inner  part  of  the  columns  of  the  zona 
faeciculata.  These  cells  are  greatly  swollen  and  very  large  in  the 
spring.  As  the  season  advances  the  size  of  the  adrenal  decreases. 
Histolc^cally  all  the  cells  appear  to  become  smaller  but  the  major 
changes  consist  in  a  marked  decrease  in  the  cells  of  the  inner  portion 
of  the  zona  fasciculata  and  a  vacuolization  of  the  cells  of  the  zona 
granulosa  and  the  upper  portion  of  the  zona  fasciculata.  During 
hibernation  the  latter  changes  seem  to  be  accentuated  but  the  lipoid 
content  does  not  seem  to  change  greatly.  The  medullary  cells  shrink 
very  slightly  during  hibernation. 

I  was  surprised  to  discover  that  the  adrenals  could  be  removed  from 
the  spermophile  without  producing  immediate  death,  except  in  a  small 
percentage  of  cases.  In  a  few  instances  the  animals  died  typical 
deaths  from  adrenal  insufficiency.  As  a  rule  the  animal  recovered 
from  the  operation  and  either  became  perfectly  normal  or  more  fre- 
quently  lost  weight  and  strength  gradually,  dying  several  weeks  after 
removal  of  the  last  gland.  In  some  cases  necropsy  revealed  a  hyper- 
trophied  accessory  adrenal  but  in  most  cases  a  diUgeat  search  with 
the  bichromate  method  and  histologic  examination  of  suspicious  par- 
ticles did  not  reveal  any  adrenal  tissue.  (4)  This  probably  does  not 
mean  that  the  spermophile  can  live  without  adrenal  tissue  or  that 
another  gland  vicariously  takes  up  its  function,  but  that  scattered 
bit«  of  adrenal  tissue  which  were  too  small  to  be  found  without  serial 
section  of  the  whole  animal  were  enough  to  keep  the  animals  alive 
for  various  lengths  of  time.  However,  it  is  of  particular  importance 
in  the  study  that,  at  any  event,  the  animal  in  which  the  adrenals  were 
removed  had  a  minimum  amount  of  functionatii^  adrenal  tissue. 
This  was  amply  proved  by  the  fact  that  most  of  the  animals  became 
thin  and  weak  and  died. 

The  adrenals  were  removed  from  a  series  of  animals  in  July,  1914. 
Five  of  them  hved  and  hibernated  during  the  winter  of  1914-15, 
Twelve  additional  adrenalectomised  animals  were  studied  during  the 
fall  of  1915  and  were  found  to  hibernate  under  the  same  condition 
as  the  controls. 
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While  these  results  show  that  the  adrenals  undergo  fairly  constant 
seasonal  changes,  they  are  just  as  much  indicative  of  increased  functional 
activity  during  the  period  of  rut  as  of  decreased  activity  during  hi- 
bernation. It  would  appear  that  the  adrenals  do  not  bear  any  causal 
relation  to  hibernation  for  two  reasons.  First,  the  adrenalectomized 
animals,  which  certainly  had  only  a  minimum  amount  of  adrenal 
tissue,  hibernated  normally.  Second,  the  histologic  changes  noted  in 
the  hibernating  animals  were  prc^ressive,  being  found  to  some  extent 
in  the  active  animals  in  the  autumn,  and  quite  as  marked  in  the  ani- 
mals which  were  sacrified  during  the  winter  and  which  had  not  hiber- 
nated owing  to  the  high  temperature  of  the  room. 

The  pituitary.  The  apermophile  has  a  well-formed  pituitary  gland. 
It  does  not  differ  from  the  corresponding  glands  of  other  species  ex- 
cept that  the  differential  staining  properties  of  the  cells  of  the  anterior 
glandular  portion  are  not  very  marked.  I  have  not  been  able  to  note 
any  seasonal  variation  in  the  pituitary.  In  some  of  the  pituitary 
glands  of  hibernating  spermophiles  I  have  found  the  same  changes 
observed  by  Gushing  and  Goetsch  in  the  woodchuck.  These  consist 
in  an  almost  complete  loss  of  the  normally  rather  slight  differential 
staining  qualities  of  the  granular  content  of  the  cells  to  acid  and  basic 
dyes,  a  decrease  in  the  size  of  the  cells  and  an  irregularity  in  the  cellu- 
lar grouping.  However,  these  changes  are  not  constant.  In  several 
hibernating  spermophiles  I  have  not  been  able  to  distinguish  any 
changes  in  the  pituitary  glands.  In  many,  the  changes  are  very  slight. 
No  mitotic  figures  were  seen. 

The  inconstancy  of  the  changes  is  proved  very  easily  by  a  study 
of  the  glands  having  controls.  I  am  not  able  to  see  any  difference 
between  the  pituitaries  of  Gophers  225  and  227;  114  and  270,  or  271 
and  272. 

The  results  of  the  study  were  as  follows: 

1.  The  sex  glands  undergo  a  definite  seasonal  variation  but  certainly 
do  not  play  any  part  in  the  cause  of  the  hibernating  state  or  undergo 
any  specific  changes  due  to  the  torpid  condition. 

2.  I  have  been  unable  to  determine  any  changes  in  the  thyroids 
of  the  hibernating  animal,  and  the  fact  that  animals  in  which  the  thy- 
roids were  removed  hibernated  normally  tends  to  show  that  these 
glands  are  not  factors  of  significance  in  hil>ernation. 

3.  The  very  slight  and  inconstant  changes  noted  in  the  parathyroids 
do  not  warrant  any  positive  conclusion. 

4.  The  thymus  does  not  appear  to  undergo  any  uniform  change. 
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5.  The  islands  of  Langerhans  undergo  changes  so  slight  as  not  to 
justify  a  positive  conclusion. 

6.  The  adrenal  glands  undergo  a  fairly  definite  seasonal  variation. 
The  different  changes  are  most  marked  during  the  winter  and  during 
the  period  of  rut.  However,  the  adrenals  do  not  appear  to  be  a  specific 
factor  in  hibernation  because  the  same  changes  were  noted  in  animals 
sacrificed  during  the  winter  which  had  not  been  allowed  to  hibernate, 
and  removal  of  the  adrenals,  which  certainly  reduces  the  adrenal  sub- 
stance to  a  minimum,  did  not  in  any  way  change  the  hibernating  ability 
of  the  animal. 

7.  Some  of  the  pituitary  glands  of  the  hibernating  animals  showed 
definite  changes,  but  these  changes  were  not  constant. 

CONCLUSION 

It  is  impossible  to  state  that  some  of  the  ductless  glands  are  not  of 
importance  in  relation  to  hibernation.  New  methods  of  investigation 
may  demonstrate  this  relationship.  However,  the  results  of  this 
study  do  not  justify  the  assumption  of  any  theory  ascribing  the  phe- 
nomena to  a  lack  of  function  of  all  or  any  one  of  the  ductless  glands. 

BRIEF  RECORDS  OF  MOST  OF  THE  SPERMOPHILES  WHOSE 
DUCTLESS  GLANDS   WERE  STUDIED 

A.  Active  animals 

No, 

105  Femftle;  weight  100  grams;  captured  April,  1915;  pregnant;  fasted  for  five 

days.    Sacri6ced  May  5,  1915. 

106  Male;  weight  135  graniB;  captured  April,  1915;  fasted  for  five  days.    Sac- 

rificed May  5,  1915. 
108    Female;  captured  with  two  of  her  young  in  June.  1914.    Very  savage.    Was 
kept  in  wann  room  during  the  winter  of  1914-15,  but  hibernated  when  the 
temperature  was  allowed  to  decrease  below  20°C.    Sacrificed  May  21, 
1915. 

147  Female;  weight  125  grams;  captured  June,  1915.    Sacrificed  June  12,  1915. 

148  Female;  captured  June,  1915.    Sacrificed  June  12,  1915. 

149  Male;  weight  143  grama;  captured  June,  1915.     Sacrificed  July  20,  1915. 

174  Female;  weight  144  grama;  captured  June,  1915.     Sacrificed  July  20,  1915. 

175  Male;  weight  134  grams;  captured  June,  1915.     Sacrificed  July  20,  1915. 
192    Female;  captured  July,  1915.    Had  lactated.    Sacrificed  .August  3,  1915. 
198a  Female;  captured  in  the  spring  of  1915.    Sacrificed  August  14,  1915. 
lQ9a  Female;  captured  in  the  spring  of  1915.    Sacrificed  August  14,  1915. 

204    Male;  captured  season  1915.    Sacrificed  September  14,  1915. 
240    Female;  very  fat;  weight  180  grams;  captured  early  in  the  spring  of  1915. 
Sacrificed  September  24,  1915. 
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241    Male;  captured  io  the  spring  of  1915.    Sacrificed  September  24,  1915. 

246  Female;  captured  in  the  spring  of  1914.  Both  ovaiies  removed  Juljr  10, 
1914.  During  the  winter  of  1914-15  was  allowed  to  hibernate  for  short 
periods,  but  was  active  mast  of  the  time.  Sacrificed  September  21, 1915. 
Weight  at  time  of  death,  95  grams. 

142  Female;  weight  135  grama;  captured  May,  1916.  Both  ovarieg  removed 
June  3,  1915.  Animal  became  slightly  torpid  at  times  during  the  autumn 
months,  but  was  kept  in  a  very  wann  room  and  did  not  hibernate.  Sac- 
rificed November  10,  1915. 

146  Female;  weight  128  grams;  captured  May,  1915.  Uterus  removed  June 
11,  1915.    Sacrificed  July  19,  1915.    Weight  at  this  time,  135  grams. 

251  Female;  weight  101  grams;  captured  July,  1914.  Uterus  and  left  ovary 
removed  October  5,  1915.    Sacrificed  October  26,  1915. 

225  Male;  weight  110  grams;  born  in  the  spring  of  1915.  Animal  placed  in 
hibernating  room  without  food  at  12.00  m.,  November  11,  1915.  Re- 
mained very  active  until  November  20,  when  it  seemed  slightly  torpid. 
Rectal  temperature  20°C,  Sacrificed  at  this  time.  (Control  for  Sper- 
mophile  227.) 

114  Female;  weight  120  grams;  captured  June,  1915.  Animal  was  well  supplied 
with  food  and  kept  in  warm  room.  Did  not  becfxne  torpid  while  in  cap- 
tivity.   Sacrificed  February  2,  1916.     (Control  for 'Spermophile  270). 

268  Female;  weight  55  grama;  bom  in  the  spring  of  1915.    Animal  had  never 

hibernated.  Food  withdrawn  but  room  kept  warm,  February  3,  1916. 
Sacrificed  February  5,  1916.     (Control  for  Spermophile  267.) 

269  Female;  weight  50  grams;  born  in  the  spring  of  1915.    Animal  had  never 

hibernated.  Sacrificed  February  24,  1916.  (Control  for  Spermophile 
220.) 

271  Female;  weight  140  grams;  captured  July,  1915  Had  lactated  that  season. 
Did  not  hibernate  while  in  captivity.  Sacrificed  February  28,  1916. 
(Control  for  Spermophile  272.) 

275  Male;  weight  105  grams;  captured  in  the  spring  of  1915.  Spleen  removed 
July,  1915.  Was  not  allowed  to  become  torpid  while  in  the  laboratory. 
8acri6ced  March  27,  1916.  Genital  tract  showed  the  marked  hyper- 
trophy and  hyperemia  of  beginning  rut.     (Control  for  Spermophile  274.) 

278  Female;  weight  85  grants;  captured  July,  1915.  Had  lactated  in  the  spring 
of  1915.  Did  not  hibernate  during  the  winter  of  1915-16.  Sacrificed 
April  11,  1916.  At  necropsy  the  animal  showed  pregnancy  of  a  few  days' 
duration. 

284  Female;  weight  65  grams;  captured  July,  1915.  Born  in  the  spring  of  1916. 
Did  not  hibernate  during  the  winter  of  1915-16.    Sacrificed  April  21, 1916. 

B.  Hibernating  animals 

267  12  hours  Female;  weight  60  gram8;born  in  the  spring  of  1915;  kept  under 
observation  and  it  is  certain  that  it  had  never  become  tor- 
pid until  placed  in  the  hibernating  room  without  food  Feb- 
ruary 4,  1916,  at  4.00  p.m.  It  became  torpid  about  10.00 
p.m.  Was  sacrificed  February  5,  at  10.00  a^n.  Rectal 
temperature  11°C. 


ijGoogle 


DUCTLESS  GLANDS  AND  HIBERNATION 


Fat  female;  captured  in  the  Bpring  of  1915.  November  8, 
1915  at  4.00  p.m.  placed  in  room  with  temperature  of  14° 
C.  with  no  food.  Had  not  bibemated  previouBly  during 
the  seeaoQ.  R«mained  active  until  10.00  am.,  November 
9.  Sacrificed  November  10  at  10.00  a.m.  Rectal  tempera- 
ture 14°C. 

Fat  female;  captured  in  the  spriag  of  1915.  November  8, 
1915,  placed  in  room  to  hibernate,  with  no  food.  Did  not 
become  torpid  for  several  hours.  Sacrificed  November  12, 
after  hibernating  for  two  daj^.  Temperature  of  room  at 
this  time  9°G.    Rectal  temperature  11°G. 

Pat  female;  captured  in  the  spring  of  1915.  Placed  in  hiber- 
nating room,  without  food.  Remained  active  for  several 
hours.  Sacrificed  November  18,  1915,  after  hibernating 
three  days.    Rectal  temperature  12*0. 

Male;  weight  150  grams;  captured  in  the  spring  of  1915.  Placed 
in  hibernating  room  without  food;  remained  there  less  than 
twenty-four  hours.  Sacrificed  December  2,  1915,  after 
being  torpid  four  days.  Rectal  temperature  li'C  Room 
temperature  W'C. 

Male;  weight  108  grams;  bom  in  the  spring  of  1915.  Animal 
placed  in  hibernating  room,  without  food,  at  12.00  m.,  No- 
vember 11,  1915.  Became  torpid  first  November  16.  Sacri- 
ficed November  20,  at  10.30  ajn.    Rectal  temperature  10°C. 

Very  fat  female;  captured  in  the  spring  of  1015.  When  placed 
in  hibernating  room  without  food,  became  torpid  very  quiclc- 
ly.  Sacrificed  November  15,  1915,  after  hibernating  six 
days.  Rectal  temperature  8.5°C.  Room  temperature  for 
the  six  days  varied  from  5°  to  WC, 

Male;  weight  06  grams;  bom  in  the  spring  of  1915.  Septem- 
ber 9,  1915,  both  testes  removed.  Animal  recovered  from 
operation  and  increased  in  weight.  Placed  in  hibernating 
room  without  food;  sacrificed  December  15,  1915,  after 
hibernating  seven  days.  Rectal  temperature  g.5°C.  Weight 
when  sacrificed  110  grams. 

Finale;  weight  115  grams.  Captured  May,  1915.  Placed  in 
hibernating  room  without  food;  sacrificed  December  11,  191^ 
after  being  torpid  eight  days.    Rectal  temperature  15°C. 

Female;  weight  100  grams;  captured  in  the  spring  of  1915. 
Placed  in  hibernating  room  without  food;  sacrificed  Decem- 
ber 17, 1915,  after  hibernating  nine  days.  Room  temperature 
at  this  time  0*C.     Rectal  temperature  5°C. 

Very  fat  female;  captured  in  the  spring  of  1915.  Placed  in 
hibernating  roran  without  food;  sacrificed  November  20, 
1915,  after  hibernating  ten  days.    Rectal  temperature  ll.S'C. 

Female;  weight  85  grams;  captured  in  the  spring  of  1915.  Ani- 
mal had  been  torpid  continuously  for  fifteen  days,  although 
it  bad  been  torpid  for  a  short  time  earlier  in  the  season. 
Did  not  have  access  to  food;  sacrificed  January  1,  1916. 
Rectal  temperature  12°C. 
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Female;  weight  145  grams;  captured  in  the  spring  of  1915. 
Aaimal  did  not  have  access  to  food;  sacrificed  January  15, 
1916,  after  being  torpid  approximately  twenty  days.  Rec- 
tal temperature  I4°C. 

Male;  weight  150  grams;  captured  in  the  spring  of  1D15.  Did 
not  have  access  to  food;  sacrificed  December  II,  1915,  after 
hibernating  twenty-five  days.    Rectal  temperature  12.5°C. 

Very  fat  female;  weight  1S5  grams;  captured  in  the  summer  of 
1915.  Had  lactatcd  that  aeaaon.  Did  not  have  access  to 
food;  sacrificed  December  11,  1915,  after  being  torpid  thirty 
days.     Rectal  temperature  12.5°C. 

Male;  weight  165  grams;  captured  in  the  apring  of  I9I5.  Ani- 
mal had  access  to  food.  Had  been  torpid  thirty-five  days. 
Sacrificed  January  10,  1916.     Rectal  temperature  14°C. 

Very  fat  male;  weight  150  grams;  captured  in  the  spring  of 
1915.  Had  access  to  food.  Sacrificed  January  12,  1916, 
after  hibernating  forty  days.    Rectal  temperature  2.5°C. 

Female;  weight  35  grama;  born  in  the  spring  of  1915.  Both 
thyroids  removed  September  20,  1915.  Placed  in  hibernat- 
ing room  without  food;  sacrificed  January  13,  1916,  after 
being  torpid  continuously  for  forty-five  days.  Rectal  tem- 
perature 6°C. 

Male;  weight  180  grams;  captured  May,  1915.  Sacrificed 
January  13,  1916.  It  had  been  hibernating  for  fifty  days 
without  access  to  food.  Had  shown  some  signs  of  activity 
for  a  short  time  during  this  period  but  did  not  become  active. 
Rectal  temperature  5°C. 

Female;  weight  100  grams;  captured  in  the  Spring  of  1915. 
Sacrificed  January  12,  1916,  after  hibernating  seventy-five 
days  without  access  to  food.  This  animal  was  slightly  ac- 
tive a  few  times  during  this  period.  Rectal  temperature 
12X. 

Female;  weight  90  grams;  captured  in  the  spring  of  1915.  Sac- 
rificed February  28,  1916.  Had  been  hibernating  without 
access  to  food  for  eighty  days.  Rectal  temperature  19°C- 
Ddily  observationB  were  not  taken  on  this  animal- 
Male;  weight  95  grama;  captured  in  the  spring  of  1914.  Hiber- 
nated at  intervals  during  the  winter  of  1914-15.  Food  waa 
withdrawn  October  1, 1915,  and  the  room  allowed  to  approxi- 
mate outside  temperature.  Animal  immediately  became 
torpid.  Sacrificed  January  12,  1916,  after  hibernating  about 
one  hundred  days.  Animal  rather  thin.  Rectal  tempera- 
ture n°C.     Daily  notes  not  taken. 

Female;  captured  June.  1914.  Hibernated  when  kept  in  cold 
during  the  winter  of  1914-15.  Placed  in  hibernating  room 
and  food  withdrawn  the  latter  part  of  September,  1915. 
Sacrificed  January  27,  1916,  after  hibernating  about  one 
hundred  and  twenty-five  days.  Rectal  temperature  17'C. 
Daily  observations  were  not  made. 


ijGoogle 


DUCTLESS  GLANDS  AND   HIBERNATION 


Female;  captured  May,  1914.  Hiberaated  at  intervals  during 
the  wiDler  of  19I4-1S.  Was  placed  in  hibernating  cage, 
without  food,  October  I,  1915.  Daily  observations  were 
not  laleen,  but  it  is  known  that  the  animal  was  torpid  most 
of  the  time,  although  at  intervals  it  was  slightly  warm  to 
the  touch.  Sacrificed  February  28,  1916.  Quite  torpid; 
rectal  temperature  2l°C.    Very  thin.    Weight  75  grams. 

Male;  weight  93  grams;  born  in  the  spring  of  1915.  Both 
thyroids  removed  September  20,  1915.  Hibernated  at  in- 
tervals throughout  the  winter.  Had  access  to  food.  Sacri- 
ficed February  24,  1916.  Quite  torpid.  Rectal  temperature 
20'^.  Very  thin;  weight  50  grams.  No  thyroid  tissue  found. 
Daily  observations  not  taken. 

Male;  weight  82  grams;  born  in  the  spring  of  1015;  both  testi- 
cles removed  September  21,  1915.  Hibernated  at  intervals 
throughout  winter.  Had  access  to  food.  Sacrificed  Feb- 
ruary 28,  1916.  Quite  torpid.  Rectal  temperature  20°C. 
Weight  65  grams.    Daily  observations  not  taken. 

Female;  weight  122  grama;  captured  May,  1915.  Spleen  removed 
May  28,  1915.  Animal  recovered  from  operation  and  became 
fat.  December  13, 1915,  placed  in  hibernating  room  with  food. 
In  the  attempt  to  determine  the  reaction  of  the  hibernating 
animal  to  excessive  cold,  it  froze  to  death  January  13,  1916. 
Tissues  of  all  organs  were  well  preserved. 
Female;  weight  105  grams;  captured  in  the  spring  of  1915. 
Placed  in  hibernating  room  with  food  December  3,  1915. 
In  studying  effect  of  excessive  cold  upon  hibernating  animals, 
it  was  frosen  to  death  January  13,  1916.  Tissues  were  in 
excellent  preservation. 

Female;  weight  95  grams;  captured  in  the  spring  of  1915. 
Placed  in  hibernating  room  with  food  December  3,  1915. 
Was  froten  to  death  during  the  study  of  the  effect  of  exces- 
sive cold  upon  hibernation,  January  13,  1916,  Tissues  well 
preserved. 

Male;  weight  95  grams;  captured  in  the  spring  of  1915.  Placed 
in  hibernating  room  with  food  December  3.  1915.  Was  frozen 
to  death  during  the  attempt  to  determine  the  etTcct  of  ex- 
cessive  cold  upon  hibernation,  January  13,  1916.  Tissue 
well  preserved. 


C.  Active  immediately  after  hiberTtalion 

237  Male;  born  in  the  spring  of  1915;  right  adrenal  removed  September  23,  1915. 
Had  access  to  food  throughout  winter.  Hibernated  at  intervals.  Sac- 
rificed March  11,  1916.  Animal  very  active  at  this  time.  Very  poor 
weight — 50  grama. 

210  Female;  captured  in  the  spring  of  1915;  right  adrenal  removed  September 
15,  1915.  Had  access  to  food  throughout  the  winter.  Hibernated  at  rare 
intervals.    Sacrificed  March  11,  1916.    Animal  very  fat;  weight  110  grams. 


220    Indefinite 


228    Indefinite 


135    Indefinite 
40  days 


118    Indefinite 
45  days 


284  Indefinite 

40  days 

285  Indefinite 

40  days 
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126  Female;  captured  in  the  spring  of  1915.  December  12,  1915,  placed  in  hia 
bernating  room  without  food.  While  daily  observations  were  not  made, 
it  is  known  that  the  animal  was  very  torpid  although  two  or  three  times 
it  was  found  to  be  active.  At  S.OO  a.m.,  March  11,  1916,  animal  was  tor- 
pid; rectal  temperature  15'C.  Animal  was  placed  in  warm  room  and 
at  10.00  a.m.  was  very  active.    Sacrificed  at  3.00  p.m.    Weight  75  grams. 

273  Female;  weight  95  grama.    Captured  late  in  the  spring  of  1915.    Had  lac- 

tated  during  the  season.  Hibernated  at  intervals  during  the  winter 
of  1915-16.  Had  access  to  food.  Was  hibernating  March  11,  wheb  it 
was  placed  in  a  warm  room,  and  remained  active.  Sacrificed  March  18. 
231  Finale;  weight  300  grams.  Captured  in  the  spring  of  1915.  Ovaries  re- 
moved September  22,  1915.  Hibernated  at  intervals  throughout  winter 
1915-16.  Had  access  to  food.  Sacrificed  March  18,  1916;  weight  at  this 
time  100  grams. 

274  Male;  weight  S5  grams.    Captured  io  the  spring  of  1915.    Hibernated  dur- 

ing the  winter  of  1915-16.  Had  access  to  food.  Was  torpid  until  March 
11,  when  its  rectal  temperature  was  20*0.  When  placed  in  a  warm  room, 
it  remained  active.    Sacrificed  March  27. 

276  Female;  weight  105  grama.  Captyred  io  the  eprbg  of  1915;  hibernated 
during  the  winter  of  1915-16.  Had  access  to  food.  Active  after  Matxh 
11.    Sacrificed  March  27. 

190  Female;  weight  106  grams.  Captured  in  the  spring  of  1915.  July  23,  1915, 
complete  removal  of  both  thyroids.  Animal  hibernated  during  the  win- 
ter of  1915-16.  '  Had  access  to  food.  It  was  placed  in  a  warm  room  March 
11,  and  thereafter  was  never  noted  to  be  torpid.  Sacrificed  April  4; 
weight  at  this  time  S3  grams. 

273  Male;  weight  145  grams.  In  excellent  condition.  The  first  animal  caught 
in  the  spring  of  1910.  Captured  and  sacrificed  April  11,  1916.  Marked 
hyperemia  and  hypertrophy. 

280  Female;  weight  120  grams.    Captured  July,  1915.    Had  lactated  during 

the  season  of  1915.  Hibernated  during  the  winter  of  1915-16.  Had 
access  to  food.    Was  not  torpid  after  March  10.    Sacrificed  April  14,  1916. 

281  Female;  weight  145  grams.    Captured  and  sacrificed  April  14,  1916. 
2S2    Male;  weight  170  grams.    Captured  and  sacrificed  April  14,  1916. 
283    Female;  weight  110  grams.    Captured  and  sacrificed  April  17,  1916. 

BIBLIOGRAPHY 

(1)  Cdbhiko  and  Gobisch:  Hibernation  and  the  pituitary  body,  Jour.  Exp. 

Med.,  1915,  xxii,  25. 

(2)  PouiiANTi;  II  Ictargo.  1913.    This  is  the  most  recent  book  dealing  with  the 

subject.    It  is  very  thorough  and  gives  a  very  full  bibliography. 

(3)  Gemelu  :  Su  I'ipofisi  delle  marmotte  durante  il  lethargo  e  nella  stagione 

estiva.  Arch,  per  le  scienze  mediche,  1906,  xc,  941. 

(4)  Vincent  in  Internal  Secretion  and  the  Ductless  Glands,  1913,  116,  states 

that  he  has  never  been  able  to  find  chromophile  bodies  in  the  spermo- 


ijGoogle 


THE  REGULATION  OF  THE  BLOOD  VOLUME  AFTER 
INJECTIONS  OF  SALINE  SOLUTIONS' 

Studies  or  the  Pebueabilitt  of  Cellulab  Mehbbanes.    I 

L.  JEAN  BOGERT,  PRANK  P.  UNDERBILL  and  LAFAYETTE  B.  MENDEL 

From  the  Sheffield  Laboratory  of  PhysioloffictU  Chemitlry  in  Yale  Univernlg,  New 

Haven,  Conaeclicul 

Received  for  publication,  June  14,  IQ16 

The  volume  of  the  blood  is  one  of  the  important  constants  of  the 
body,  the  maintenance  of  which  constitutes  a  condition  of  health. 
With  widely  varying  fluid  intake,  there  must  frequently  be  a  tendency 
toward  disturbance  of  this  equilibrium  and  toward  an  alteration  in  the 
volume  of  the  blood.  The  mechanism  by  means  of  which  a  constant 
blood  volume  is  normally  maintained  is,  therefore,  of  very  general 
physiological  interest. 

Attention  has  again  been  directed  to  these  subjects  by  recent  investi- 
gations. Boycott  ('13)  found  that,  in  normal  rabbits,  the  original 
voliune  of  the  blood  was  restored  in  a  short  and  fairly  constant  inter- 
val after  intravenous  injection  of  Ringer's  solution.  On  the  other 
band,  rabbite  rendered  nephritic  by  uranium  nitrate  showed  a  partial 
failure  of  the  blood  volume  to  return  to  normal  under  the  same  experi- 
mental procedure.  Chisholm  ('14  a)  found  a  similar  incomplete  regu- 
lation of  the  blood  volume  in  rabbits  with  nephritis  induced  by  potas- 
sium chromate;  and  likewise  ('14  b)  in  normal  rabbits  after  the  injec- 
tion of  extract  of  kidneys  from  animals  with  uranium  or  chromate 
nephritis. 

The  present  series  of  investigations,  suggested  by  the  work  of  Boy- 
cott and  Chisholm,  was  undertaken  with  the  object  (1)  of  studying 
further  the  phenomena  described  by  them  in  normal  and  nephritic 
rabbits;  (2)  of  determining  whether  a  similar  disturbance  of  the  r^u- 
lation  of  the  blood  volume  was  to  be  found  in  rabbits  suffering  from 
tartrate  nephritis;  and  (3)  of  extending  these  studies  to  the  dog,  in 

'  The  dcttft  in  this  paper  are  t&ken  from  the  dissertation  presented  by  L.  JeaD 
Bogert  for  the  degree  of  Doctor  of  Philosophy,  Yale  Uaivergity,  1916. 
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order  to  follow  the  Sow  of  lymph  from  the  thoracic  duct  in  normal  and 
nephritic  animals  after  injections  into  the  blood  stream. 

The  general  plan  of  experimentation  employed  in  the  work  of  Boy- 
cott ('13  and  '14)  and  Chisholm  ('14,  a  and  b)  has  been  followed  in  the 
present  investigation.  After  the  concentration  of  hemoglobin  in  the 
blood  was  determined,  a  known  quantity  of  fluid  was  forced  into  the 
circulation  under  pressure  as  rapidly  as  possible.  Immediately  after 
the  injection  and  at  r^ular  intervals  thereafter  the  concentration  of 
hemoglobin  was  measured  and  the  relative  blood  volimies  were  calcu- 
lated from  these  figures. 

Teclmique 

Ringer's  solutioD,*  wanned  to  3S°C.,  was  used  for  the  injections  of  Sftlioe  solu- 
tion. The  fluid  was  usually  introduced  into  the  ear  vein  in  rabbits  and  into  the 
femorftl  vein  in  dogs.  The  injections  were  made  under  pressure  and  generally 
at  the  rate  of  about  50  cc.  per  minute.  Samples  of  blood  were  taken  at  first  from 
the  vessels  of  the  rabbits'  ear  but  it  was  found  that  such  samples  did  not  give 
constant  results  so  that  all  blood  samples  were  later  taken  from  the  carotid 
Sirtery  in  rabbits.  In  the  case  of  dogs,  the  blood  a&mpies  were  uniformly  taken 
from  the  femoral  artery.  Only  a  few  drops  of  blood  were  TeqiMffitl  for  hemo- 
globin determination.  These  were  caught  in  depressions  in  a  p'afcfiin  plate  and 
determinations  made  at  once  to  avoid  loss  of  water  by  evaporation.  Rabbits 
were  anaesthetized  with  ether  only,  but  dogs  generally  received  a  subcutaneous 
injection  of  10  mg.  of  morphine  sulphate  and  one  of  atropine  sulphate  per  kilo- 
gram of  body  weight  one  hour  previous  to  anaeathetisation  with  ether.  Hemo- 
globin determinations  were  made  according  to  the  method  suggested  by  Haldane,' 
the  accuracy  of  the  standard  used  having  been  checked  by  determinations  of  the 
oxygen  content  of  blood,  made  by  the  Haidane-Barcroft  method. 

Calculation  of  the  original  blood  volume  of  rabbits  was  made  on  the  assump- 
tion (Boycott  '13)  that  they  have  about  50  cc.  of  blood  per  kilogram  of  body 
weight.  They  usually  received  injections  of  this  amount  of  fluid;  but  the  dogs 
only  half  as  much  or  25  cc.  per  kilogram  of  body  weight.  In  some  cases  the 
^nimal  was  given  a  second  or  third  injection.  An  illustrative  example  of  the 
/method  of  calculating  the  relative  blood  volumes  follows:  if  the  original  blood 
.volume  is  taken  as  100  per  6cnt  and  if  the  content  of  hemoglobin  was  60  per  cent 
before  injection  and  40  per  cent  after  injection,  the  relative  blood  volume  after 
injection  would  be  Jll  x  100  ■■  150  per  cent. 

The  accuracy  of  such  calculations  depends,  obviously,  on  the  assumption  that 
the  amount  of  hemoglobin  in  the  circulation  is  constant.    Experimental  data 


'  This  solution  contained  0.9  per  cent  sodium  chloride,  0.024  per  cent  calcium 
chloride.  0.042  per  tient  potassium  cliloridc  and  0.03  sodium  bicarbonate. 
'  Haldane:  Journ.  of  Physiol.,  1901.  isvi,  497. 
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hftve  beea  publiahed  recently  to  show  th&t  the  number  of  red  blood  corpuscles 
may  be  iacreaoed  in  high  altitudes*  or  when  work,*  causing  an  appreciable  atnouot 
of  perspiratioD,  is  done.  Lamson*  also  found  increased  red  corpuscle  content  of 
the  blood  as  a  result  of  partial  asphyxiation  or  fright.  Increase  in  the  number 
of  red  blood*  corpuscles  may,  of  course,  take  place  without  an  increase  of  the 
amount  of  hemoglobin  in  the  circulation;  but,  in  order  to  teat  the  validity  of  the 
method  used,  a  number  of  control  experiments  were  made. 


CONTROL   EXPERIMENTS 


Hemoglobin  content  in  the  same  animal  at  intervals.  The  conceDtra- 
tioD  of  hemt^obin  in  the  blood  was  determined  at  half  hour  intervals 
in  four  normal  rabbits  and  the  results  are  given  in  the  table  below. 


Hemoglobin  conUrU 


TABLE  1 

in  the  tamt  animal  at  intervidt 


.». 

lOLOUH 

,>.«,™t 

Ohr. 

Ihr. 

1  hr- 

IJhl. 

2  hi. 

It  hi. 

3hr. 

3\  hi. 

54 
70 

68 
73 

53 
66 

68 
74 

54 
70 
69 
74 

53 

OS 
73 

68 

74 

69 

68 

Rabbit  C 

Comparison  of  hemoglobin  and  total  solid  content  of  Ike  blood  after 
injections  of  saiine  s<dution.  The  ordinary  injection  of  25  cc.  of  Ring- 
er's solution  per  kilogran  of  body  weight  was  given  to  a  number  of 
dogs,  samples  of  blood  being  taken  before  and  after  the  injection  and 
at  intervals  later.  The  percentage  of  hemoglobin  in  the  blood  was  de- 
termined and,  in  addition,  the  percentage  of  water  was  also  ascertained 
by  drying  to  constant  weight  at  100  to  llCC.  The  results  of  these 
experiments  are  given  in  the  following  table: 


*  Schneider  and  Havens:  This  Journal,  1915, 
'Boothby  and  Berry;  This  Journal,  1915,  xxivii,  378. 
'  Lamson:  Journ.  of  Pharm.  and  Exper.  Therap.,  1915, 


380. 
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TAB1.E  1 

Comparitofi  of  the  hemoglobin  and  lotal  solid  eonUnt  of  tkt  blood  after  injection* 

of  galine  tolution* 
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Fig.  2 

The  first  set  of  experiments  (table  1)  clearly  shows  that  the  hemo- 
globin doee  not  vary  in  amount  in  individual  animals,  at  least  during 
periods  of  several  hours  duration.  The  second  series  of  experiments 
(table  2)  establishes  the  fact  that  the  hemoglobin  is  a  true  measure  of 
the  dilution  of  the  blood,  since  the  results  obtained  by  this  method  are 
in  close  accord  with  those  obtained  by  the  determination  of  the  total 
sohd  content  of  the  blood.  When  the  figures  in  table  2  are  repre- 
sented graphically  (see  figs.  1  and  2),  the  parallelism  of  the  hemoglobin 
and  total  solid  curves  is  seen  to  be  almost  perfect.  Under  the  con- 
ditions of  these  experiments,  then,  it  is  safe  to  conclude  that  the  amount 
of  hemoglobin  in  the  circulation  does  not  alter  materially  and,  there- 
fore, it  can  be  used  as  a  measure  of  the  dilution  of  the  blood, 

EXPERIMENTS   WITH    RABBITS 

Under  normal  conditions.  A  specimen  protocol  is  given  below.  The 
results  of  thirteen  such  experiments  are  summarized  in  table  3. 
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Experiment  tl.  Rabbit  Q ,  normal,  weighing  2140  grams.  Injectioa  of  100 
cc.  of  Ringer's  solution  into  the  ear  vein  in  2  minutes;  blood  samples  from 
carotid  artery. 


„„ 

H.-0«.0„« 

MMLXTIVB  BLOOD 

37 

23 
32 
35 
37 
37 

After  injection 

106 

No  fluid  in  pleural  cavity;  about  3 


I  oj  the  blood  volumes  i 


TABLE! 
1  normal  rabbits  after 


E'MBIHUIT 

>■■.„.« 

B.«,B  VOL. 

™«,B. 

HUH BE B 

SmiD. 

10  min- 

It  min. 

iOmia. 

iS  rnia. 

Mmin- 

Mmin. 

1 

131 

128 

109 

100 

100 

100 

121 

112 

105 

100 

101 

100 

115 

104 

08 

100 

100 

150 

133 

113 

107 

101 

100 

100 

136 

114 

lie 

105 

103 

100 

152 

139 

134 

131 

117 

113 

toi 

141 

120 

114 

109 

107 

101 

100 

n 

151 

127 

118 

106 

103 

104 

12 

143 

121 

114 

105 

100 

100 

13 

137 

114 

106 

102 

100 

100 

21 

IflO 

116 

106 

100 

100 

22 

130 

114 

107 

104 

23 

159 

130 

123 

110 

105 

Average.. 

146 

121 

116 

107 

103 

102 

100 

From  these  figures  it  appears  that  a  great  deal  of  the  fluid  introduced 
leaves  the  blood  stream  during  the  period  of  the  injection.  The  more 
rapid  the  introduction  of  the  solution  the  less  is  the  amount  of  liquid 
able  to  leave  the  circulation  during  this  period.  In  experiment  3, 
where  the  duration  of  the  injection  was  fifteen  minutes,  the  blood  vol- 
ume was  found  to  be  only  15  per  cent  above  normal  at  the  close  of  the 
injection,  while  the  greatest  increase  in  relative  blood  volume  noted 
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was  in  experiment  21,  where  the  solution  was  introduced  in  two  min- 
utes. It  is,  however,  to  be  remembered  that  the  calculated  original 
blood  volume  is  only  approximate  and  that  undoubtedly  some  animals 
received  more  fiuid  than  others,  in  proportion  to  their  original  blood 
volume. 

In  spite  of  some  individual  variations,  the  figures  show  a  satisfac- 
tory agreement.  The  initial  dilution  caused  by  the  injection  varies 
somewhat,  due  lai^ly  to  the  causes  outlined  in  the  preceding  para- 
graph; but  the  length  of  time  required  for  the  blood  volume  to  return 
to  normal  is  about  twenty-five  minutes  in  almost  every  case.  It  will 
be  observed  that  the  fluid  leaves  the  blood  stream  most  rapidly  in  the 
earlier  moments  after  the  injection;  i.e.,  the  stimulus  to  rid  the  blood 
of  the  excess  of  fluid  is  strongest  when  the  excess  is  greatest. 

In  general,  then,  it  was  found  that,  after  injection  of  a  quantity  of  saline 
solution  equal  to  the  calojhied  blood  volurne,  into  normcd  rabbits,  the  ex- 
cess of  fluid  disappears  from  the  drculaiion  rapidly  and  the  original  blood 
volu?ne  is  restored  in  a  short  time,  usuaUy  not  more  than  thirty  minutes. 

After  ligation  of  the  kidneys.  In  order  to  determine  the  influence  of 
the  kidney  factor  in  the  regulation  of  the  blood  volume  in  normal  rab- 
bits, the  kidneys  were  ligated  at  the  bilum  and  injections  of  Ringer's 
solution  were  then  made.  In  some  of  these  experiments  the  blood  vol- 
ume returned  to  normal  in  the  same  length  of  time  as  in  normal  rabbits  / 
with  the  kidneys  active.  Others  showed  a  very  slight  delay.  Of  the 
two  protocols  given  here,  that  of  experiment  19  is  an  example  of  the 
former  class  and  experiment  17  of  the  latter. 

Experimtnt  19.  Rabbit  9 ,  both  kidneys  ligated,  weighing  1780  grams.  In- 
jection into  ear  vein  of  100  ce.  of  Ringer's  solution  in  2  minutes;  blood  eamples 
from  carotid  artery. 


™ 

_„oo™„ 

ULUI1B  BtOOD 

40 

28 
34 
36 
38 
40 
40 
39 
39 
40 

After  injection 
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Killed  one  hour  after  injection.  Kidneys  found  completely  ligated;  do  fluid 
in  pleural  or  peritoneal  cavttiea. 

Experiment  17.  Rabbit  9,  both  kidneys  ligttted,  weighing  2200  grams.  In- 
jection into  ear  vein  of  100  cc.  of  Ringer's  solution  in  2  minutes;  blood  samples 
from  carotid  artery. 


Before  injection, . , 
After  injection 
Immediately. . 
5  minutes — 


10 

15  minutes.. 
20  minutes.. 
25  minutes.. 
30  minute^.. 
35  minutes.. 
50  minutes.. 
60  minutes.. 


Killed  one  hour  after  injection.    Kidneys  found  completely  ligated;  no  fluid 
in  pleural  and  peritoneal  cavities. 

From  these  experiments  it  seems  that  ligation  of  the  kidneys  pro- 
duces no  marked  effect  on  the  regulation  of  the  blood  volume.  Boy- 
,  cott  ('13  and  '14)  and  Chisholm  ('14  a  and  b),  ligated  the  ureters  just 
above  the  bladder  in  all  their  normal  animals  and  their  results  are  very 
similar  to  those  of  the  experiments  recorded  in  table  3,  in  which  healthy 
■  rabbits  with  active  kidneys  were  used.  Moreover,  in  experiments  1 
•  to  13,  the  urine  was  collected  by  compression  of  the  bladder  at  half 
hour  or  hour  intervals;  and  there  was  no  connection  whatever  between 
the  amount  of  urine  secreted  and  the  rate  of  restoration  of  the  blood 
volume  to  normal.  The  amount  of  urine  secreted  varied  widely.  In 
some  animals  a  volume  of  urine  equal  to  or  greater  than  the  volume  of 
the  injected  fluid,  was  secreted  in  four  or  five  hours,  while  in  others 
only  about  one-fourth  of  the  injected  fluid  had  been  excreted  after 
three  or  four  hours.  In  this  connection,  it  is  interesting  to  note  that 
some  of  the  rabbits  which  showed  a  poor  excretion  of  the  fluid  by  the 
kidneys  had  diarrhoea  the  following  day.  At  the  end  of  thirty  minutes, 
however,  when  the  blood  volume  had  in  practically  every  case  returned 
to  normal,  only  5  to  28  per  cent  of  the  injected  volume  had  left  the 


r>' Google 


BEQULATtON   OF   BLOOD   VOLUME  AFTER  SAflNE   INJECTIONS       197 

body  as  urine.  Autopsy  showed  no  fluid  in  the  body  cavities.  It 
seems  clear,  therefore,  that  the  tissues  act  as  a  reservoir  for  the  excess 
of  fluid,  which  later  leaves  the  body  gradually,  and  that  the  activity 
of  the  kidney  plays  only  a  small  rftle  in  the  regulation  of  the  blood  vol- 
ume after  intravenous  injection  of  salt  solutions. 

After  atarvaiitm  and  lack  of  water.  To  ascertain  whether  the  previous 
condition  of  the.  tissues  had  any  effect  on  the  regulation  of  the  blood 
volume,  three  rabbits  were  kept  without  food  or  water  for  three  days 
before  injection.  These  experiments  were  also  designed  as  controls 
for  the  experiments  with  nephritic  rabbits,  which  frequently  refuse 
food  and  water. 

Experimenl  10.  Rabbit  9,  weighing  1660  grama,  deprived  of  food  and  water 
for  three  daya.    lujectioa  of  100  cc.  of  Ringer's  solutioD  in  2  miautea. 


™ 

■Looo  voLtna 

Dum 

pa  cent 

56 

44 
48 
51 
54 
56 

100 

127 
123 
110 
104 
100 

"■ 

After  injection 

2i  houm 

43 

Regulali 

cm  of  blood  voluTTie 

after  starve 

lii'on  and  lack  of  watei 

■xn«nn 

r 

«.»r.T.  ■„»» 

vaLO-»  ™. 

HCHBI 

Smin. 

lOmin. 

IS  nun. 

30  mio. 

Mmit,. 

30  min. 

s 

188 

138 

119 

Ill 

106 

9 

123 

119 

109 

106 

103 

100 

10 

127 

123 

110 

104 

100 

The  figures  in  the  above  table  indicate  that  a  condition  of  food  and   |  j 
water  deprivation  has  little  or  no  influence  on  the  rate  with  which  in-  ! 
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']ected  fluids  leave  the  blood  stream.  Probably  the  capacity  of  the  tis- 
sues to  act  as  a  reservoir  for  excess  of  fluid  is  so  great  that  the  quanti- 
ties  of  liquid  dealt  with  in  these  experiments  have  no  appreciable 
effect  on  the  mechanism  for  maintaining  constant  blood  volume.  Id 
experiments  9  and  10  there  seems  some  support  for  the  idea  that  tis- 
sues poor  in  water  draw  the  excess  of  fluid  from  the  blood  stream  more 
rapidly,  since  the  relative  blood  volumes  immediately  after  injection 
are  considerably  below  the  average  figure  for  normal  rabbits  (see  table 
3).  In  experiment  8,  however,  the  initial  dilution  is  unusually  high, 
which  cannot  be  accounted  for  by  the  rapidity  of  the  injection,  as  the 
rate  of  injection  was  the  same  in  all  three  experiments. 

In  uranium  nephritis.  The  rabbits  were  rendered  nephritic  by  sub- 
cutaneous injection  of  10  mg.  of  uranium  nitrate  per  kilogram  of  body 
weight,  the  same  dosage  as  that  used  by  Boycott  ('13  and  '14).  Al> 
though  the  characteristic  incomplete  recovery  of  the  normal  blood 
volume  after  injections  into  the  blood  stream  is  usually  apparent  on  the 
second  day  after  the  injection  of  the  uranium  nitrate,  it  may  be  absent, 
in  case  the  nephritis  is  not  sufficiently  advanced;  and  it  is  much  more 
marked  on  the  fourth  or  fifth  day.  As  anuria  sets  in  about  the  third 
day  of  the  nephritis  and  death  frequently  results  by  the  fifth  day,  the 
fourth  day  after  administration  of  the  uranium  nitrate  was  found  to 
be  the  best  time  for  experimental  purposes. 

Experimtnt  36.'    R&bbit  9,  nephritic,  weighing  2000  grams.  i^*-' 

July  19 — Subcutaneous  injection  of  10  mg.  of  uranium  nitrate  per  kilogram.\  *  .T'^ 
July  22 — About  6  cc.  of  urine  which  gave  tests  tor  protein  and  sugar.    Animal  ■ 
was  in  poor  conditioa,  lethargic  and  breathing  irregularly. 

Injection  of  100  cc.  of  Ringer's  solution  in  1  minute,  40  seconds. 
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voLUva 

VtranI 

65 

35 
43 

s 

51 
64 
53 

After  injection 

25  minutes 

123- 

'These  and  the  following  protocols  have  been  selected  a 
large  number  of  duplicate  experiments. 


examples  from  a 
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InjectioD  II  of  100  cc.  of  Ringer's  solution  in  1  minute,  45  seconds. 


After  injection 
Immediately. . 
fi  minutes 


Rabbit  died  suddenly,  with  foaming  at  mouth  and  nose,  ejection  of  a  colorless 
watery  fluid  and  convulsive  struggles.  Kidneys  were  very  pale,  with  no  edema 
or  hypertrophy.  The  bladder  contained  8  cc.  of  urine,  the  peritoneal  cavity 
contained  no  6uid  but  there  were  10  cc.  of  clear  fluid  in  the  pleural  cavity. 

Experiment  SB.    Rabbit  9 ,  nephritic,  weighing  2200  grams. 
July  10 — Subcutaneous  injection  of  10  mg.  urantum  nitrate  per  kilogram. 
July  21—100  cc.  of  urine  which  gave  a  flocculent  precipitate  on  heating  and 
reduced  Benedict's  solution. 

Injection  of  110  cc.  of  Ringer's  solution  in  I  minute  45  seconds. 


™. 

Ut.AnVB  BLOOD 

62 

38 
49 
53 
53 
55 
55 
55 
55 

After  injection 

10  minutes 

1  "i  min   tes 

Injection  tl  of  110  cc.  of  Ringer's  solution  in  2  minutes. 


After  injection 

Immediately 

6  minutes 

10  minutes 

15  minutes 

20  minutes 

25  minutes 

30  minutes 

Kidneys  were  pale,  with  no  edema  and  the  bladder  was  empty.  There  was  no 
fluid  in  the  pleur&l  oavity,  while  the  peritoneal  cavity  contained  20  cc.  of  clear 
fluid  which  clotted  rapidly. 
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Experiment  36  shows  a  distinct  disturbance  of  the  mechanism  for 
regulation  of  the  blood  volume  associated  with  the  nephritic  condition. 
Not  only  is  the  initial  dilution  caused  by  the  injection  greater  than  in 
normal  rabbits,  indicating  the  inability  of  the  excess  of  fluid  to  leave  the 
circulation  as  rapidly,  but  at  the  end  of  thirty  minutes  when  the  in- 
jected fluid  would  have  completely  disapp)eared  from  the  blood  stream 
of  a  normal  rabbit,  23  per  cent  of  it  is  still  present  in  the  blood  stream 
of  the  nephritic  animal.  Moreover,  all  the  fluid  removal  took  place 
during  the  first  fifteen  minutes  after  the  injection.  During  the  last  fif* 
teen  minutes  of  the  experiment,  it  had  apparently  been  impossible  for 
the  organism  to  remove  any  more  liquid  from  the  circulation.  An  at- 
tempt was  made  to  determine  the  effect  of  a  second  injection  but  the 
animal  died. 

The  effects  noted  under  experiment  36  are  reproduced  in  experiment 
35,  although  they  are  not  so  pronotmced.  This  is  probably  due  to  the 
fact  that  the  animal  employed  had  been  subjected  to  the  influence  of 
uranium  nitrate  for  a  period  of  two  days  only.  A  second  injection  was 
here  successful  and  was  followed  by  increased  initial  dilution  of  the 
blood  and  a  slower  rate  of  r^tioval  of  the  excess  of  fiuid.  It  is  interest- 
ing to  note  that  the  same  extent  of  recovery  of  the  original  blood  vol- 
ume (113  per  cent  relative  blood  volume)  took  place  after  each  injection 
and  that  further  removal  of  fluid  seemed  to  be  impossible. 

In  tartrate  nephritis.  Since  Chisholm  ('14  a)  had  found  the  same  dis- 
turbance of  the  regulation  of  the  blood  volume  in  rabbits  with  chromate 
nephritis,  it  seemed  of  interest  to  ascertain  whether  a  similar  condition 
prevailed  in  rabbits  suffering  from  a  nephritis  induced  by  sodium  tar- 
trate. The  procedure  suggested  by  Underhill,  Wells  and  Goldscbmidt* 
was  followed.  The  rabbits  were  given  no  food  for  two  daj's  prior  to 
receiving  a  subcutaneous  injection  of  2  grams  of  sodium  tartrate.  They 
were  allowed  plenty  of  water  and  drank  freely.  On  the  day  following 
the  tartrate  injection  the  animals  were  almost  or  completely  anuric  and 
were  used  for  experimentation. 

■Underbill,  Wells  and  Goldschmidt:  Journ.  of  Exper.  Med.,  1013,  xviii,  322. 
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Experiment  ST.    Rabbit  9 ,  nephritic,  weighing  3000  grams. 
June  2 — Placed  in  cage  with  plenty  of  water  but  without  food. 
June  4 — Subcutaneous  injection  of  2-grama  of  todium  tartrate. 
June  S — Weight,  3600  grams.    Had  drunk  140  cc.  of  water  in  the  last  twenty* 
four  hours.  .  Animal  was  anuric  but  had  diarrhoea. 

Injection  of  130  cc,  of  Ringer'a  solution  in  2  minutes  IS  seconds. 


.„ 

.„.,„.„ 

TOLUlia 

38 

25 
30 
30 
30 
31 
30 
30 
30 
31 

After  injection 

Injection  II  of  130  cc.  of  Ringer's  solution  in  3  minutes. 


After  injection 
Immediately. . 
5  minutes 


152 


Rabbit  died,  with  evident  respiratory  failure.  Kidneys  were  pale,  hyper- 
trophied  and  watery;  bladder  was  empty.  Peritoneal  cavity  contained  about 
10  cc.  fluid  and  there  was  a  very  little  clear  fluid  in  the  pleural  cavity.  Some 
subcutaneous  edema  about  abdominal  region. 


From  the  results  of  this  experiment  it  is  evident  that  tartrate  nephritis , ' 
has  the  same  effect  on  the  regulation  of  the  blood  volume  shown  in 
uranium  and  chromate  nephritis.  The  severity  of  the  nephritis  is) 
shown  by  the  fact  that  even  after  injection  of  260  cc.  of  Ringer's  solu- 
tion, no  urine  was  secreted.  Sixty  per  cent  of  the  injected  fluid  left  the 
circulation  during  the  period  of  injection  and  20  per  cent  during  the 
next  five  minutes.  However,  20  per  cent  of  the  solution  introduced 
still  remained  in  the  blood  stream,  and  no  further  removal  of  this  ex- 
cess of  fluid  took  place  in  the  following  50  minutes.  Death,  due  to 
respiratory  failure,  resulted  after  a  second  injection. 

The  average  figures  obtained  from  all  the  experiments  on  normal  and 
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nephritic  rabbits  are  given  in  table  5  and  theae  figures  wi 
plotting  the  curves  shown  in  the  accompanjdng  diagram. 

TABLE  I 

Bxperimeitts  on  regtdation  of  bUiod  volume  in  rabbit! 

Average  figures 
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Discuamtm  of  resulta.  The  experimental  evidence  given  above,  in 
coDJunctioQ  with  the  work  of  Boycott  ('13  and  '14)  and  Chiaholm  ('14, 
a  and  b),  showa  clearly  that  fluid  leaves  the  blood  and  passes  into  the 
tissues  less  readily  in  nephritic  than  in  normal  rablHte.  It  remains  to 
be  considered  which  of  the  factors  concerned  in  the  adjustment  of  the 
blood  volume  is  so  altered  by  the  nephritis  as  to  hinder  the  passage  of 
fluid  from  the  blood  to  the  tissues.  No  change  in  the  osmotic  pressure 
of  the  blood  would  be  caused  by  the  injection  of  Ringer's  solution  and 


the  conditions  of  blood  pressure  would  undoubtedly  be  equally  affected 
in  both  the  nephritic  and  normal  animals.  The  experiments  on  rabbits 
with  ligated  kidneys  and  after  food  and  water  deprivation  show  that, 
with  the  experimental  procedure  employed  in  these  investigations,  the 
factors  of  kidney  activity  and  condition  of  the  tissues  have  little  appar- 
ent effect  on  the  r^ulation  of  the  blood  volume.  The  possibility  of 
the  retention  of  water  by  the  nephritic  animals  causing  a  dilution  and 
lowered  osmotic  pressure  of  the  tissue  fluids  has  not  been  excluded ;  but 
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this  factor  would  seem  to  be  more  than  balanced  by  the  retention  of 
solids  in  anuric  conditions,  espwcially  as  the  nephritic  animals  frequently 
/refused  water.  An  alteration  of  the  permeability  of  the  blood  vessel 
jwalls  seems  the  only  adequate  explanation  of  the  changed  conditions 
iprevailing  in  the  nephritic  animals.  It  is,  therefore,  concluded  that 
the  condition  of  nephritis  effects  an  alteration  of  the  permeability  of 
the  walls  of  the  capillaries  of  the  general  circulation  in  such  a  way  as  to 
hinder  the  passage  of  fluid  from  the  blood  to  the  tissues. 

To  teat  the  limits  of  tissue  capacity.  As  was  pointed  out  in  the  dis- 
cussion of  the  experiments  on  rabbits  with  ligated  kidneys,  the  injected 
saline  solution  does  not  leave  the  blood  through  the  activity  of  the  kid- 
ney nor  is  it  to  be  found  as  transudates  into  the  body  cavities  or  in  the 
alimentary  canal.  It  must,  therefore,  be  abBorbed  by  the  tissues.  The 
following  experiments  were  carried  out  with  a  view  to  ascertaining  how 
much  fluid  a  rabbit  with  ligated  kidneys  could  dispose  of  and  still  keep 
the  blood  volume  normal.  It  was  also  hoped  to  determine  whether 
the  tissues  of  nephritic  rabbits  showed  a  diminished  capacity  to  hold 
water. 


Ezperimenl  70.    Rabbit  cf,  both  kidneys  ligated,  i 
jection  of  400  cc.  of  Ringer's  solution  in  9  minutes. 


iigbing  2000  grams.     Id- 


™. 

■"J^JSi""" 

pcrirnil 

61 

37 
51 
58 
61 
61 

After  injectioD 

Both  kidneys  found  completely  ligated;  peritoneal  cavity  with  10  cc.  clear 
fluid;  pleural  cavity  with  no  fluid;  walls  of  the  alimentary  tract  highly  edema- 
tous; no  respiratory  distress. 
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Expaimenl  67.    Rabbit  9 ,  both  kidneys  ligated,  weighing  242D  grama.    la- 
jeetion  of  414  cc.  of  Ringer's  aolution  in  7  minutes. 


™ 

HUO^LOBIH 

UUTITI  BLOOD 

ptr  etM 
58 

24 
32 

After  injection 

Respiratory  difficulty  was  so  great  that  injection  was  discontinued  before 
four  times  the  blood  volume  (480  cc.)  was  injected.  Dyspnoea  continued  un- 
abated till  death.  On  autopsy  both  kidneys  were  found  completely  ligated; 
peritoneal  cavity  with  only  1  to  2  cc.  of  fluid;  pleural  cavity  moist;  lungs  very 
congested  but  with  no  hemorrhages;  viscera  of  the  peritoneal  cavity  highly 
^ematouB. 

Expeiiment  70  shows  that  a  nomml  rabbit,  with  kidneys  ligated, , 
can  dispose  of  a  quantity  of  Buid  equal  to  four  times  the  calculated  blood  , 
volume  of  the  animal.  A  large  amount  of  water  is  taken  up  by  the 
walls  of  the  intestines  but  the  amoimt  secreted  into  the  intestinal  lu- 
men is  small.  There  is  no  general  edema,  only  a  small  quantity  of 
fluid  in  the  peritoneal  cavity  and  none  in  the  pleural  cavity. 

Experiment  67  shows  that  the  hmit  of  the  capacity  of  the  ti^u^Js 
reached  at  approximately  foijr  times  the  blood  volume  of.  the  animal,  as 
in  this  experiment,  this  quantity,  which  was  successfully  disposed  of  in 
experiment  70,  caused  death  when  injected  a  little  more  rapidly.  In- 
jections of  saline  solution  equal  to  two  and  three  times  the  original 
blood  volume  (see  table  6,  experiments  66  and  68)  were  well  borne,  but 
death  resulted  when  an  injection  equal  to  four  times  the  blood  volume 
was  given  to  an  animal,  which  had  previously  received  a  quantity  of 
fluid  equal  to  two  times  its  blood  volume.  Death  was  preceded  in 
each  case  by  symptoms  of  great  respiratory  distress  and  the  ejection  of . 
fluid  from  the  nose.  It  is  evident,  from  the  figures  in  table  6,  that, 
in  order  to  have  the  animal  dispose  of  the  fluid,  it  is  important  that  the 
rate  of  injection  be  so  regulated  that  the  liquid  is  not  introduced  much 
more  rapidly  than  it  can  leave  the  circulation.  Thus,  in  experiment 
68,  there  was  a  greater  initial  dilution  and  more  difficulty  in  disposing 
of  the  excess  of  fluid  than  in  experiment  70,  where  the  volume  of  the 
solution  introduced  was  greater  but  where  the  rate  of  injection  was 
slower. 
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Experiment  7S.    R&bbit  9,  nephritic,  weighiag  16S0  grams. 

December  10 — Subcutaneoiu  injection  of  10  mg.  of  uranium  nitrate  per  Idlo- 
gram. 

December  14 — Urine  for  previous  twenty-four  houra,  35  cc.  which  gave  a 
heavy  precipitate  on  heating  and  faint  reduction  of  Nylander's  solution.  Weight 
1600  grama. 

Injection  of  320  cc.  of  Ringer's  solution  in  11  minutes. 


™. 

"^^"^ 

perowU 

46 

26 
38 
37 
38 
38 
38 
38 

After  injection 

177 

124 

Kidneys  were  pale  and  edematous;  bladder  was  empty;  pleural  cavity  c 
tained  about  35  cc.  of  rapidly  clotting,  clear  fluid,  while  pleural  cavity  c 
tained  about  3  cc.  of  clear  fluid. 


Experiment  Tf.    Rabbit  C ,  nephritic,  weighing  1700  grams. 
December  12 — Subcutaneous  injection  of  10  mg.  uranium  nitrate  per  kilogram. 
December  15 — No  urine  voided  in  previous  twenty-four  hours. 
December  16 — Urine,  5  cc.  containing  sugar  and  protein.    Animal  used  for 
experimentation. 

Injection  of  340  cc.  of  Ringer's  solution  in  12  minutes. 


™. 

VOLTOS 

48 

24 
34 
35 
35 
35 
35 

After  injection 

137 

30  minutes 

137 

Kidneys  were  very  pale  and  inflamed,  with  much  edema;  bladder  was  empty; 
the  pleura!  cavity  contained  5  cc.  and  the  peritoneal  cavity  45  cc.  of  clear  fluid, 
which  clotted  rapidly;  walls  of  the  intestine  eilematoua. 
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Experiment  73  furnishes  evidesce  that  the  capacity  of  the  tissues  to 
hold  water  is  no  less  in  nephritic  than  in  normal  conditions.  It  was 
thought  that  the  nephritic  rabbits  might  not  be  able  to  dispose  of  large 
injections  as  well  as  of  smaller  ones,  a  greater  excess  of  Quid  remaining 
in  the  blood  the  larger  the  injection.  In  experiment  73,  however,  the 
relative  blood  volume  st  the  end  of  the  experiment  is  no  h^;her  than 
that  usually  seen  after  injections  one-fourth  as  large.  In  experiment  74 
the  final  relative  blood  volume  is  slightly  higher  but  there  is  reftson  to 
conclude  from  the  autopsy  that  the  nephritis  was  of  a  more  acute  type 
than  in  experiment  73.  x 

It  has  been  shown  that  saline  solutions  equal  to  four  times  the  blood  ^ 
volume  can  be  completely  removed  from  the  circulation  within  thirty 
minutes  in  normal  rabbits.  In  nephritic  animals,  under  the  same  ex- 
perimental procedure,  the  extent  of  fluid  removal  is  equal  to  that  ob- 
served when  the  amount  of  fluid  introduced  was  equivalent  to  the  blood 
volume.  It  is,  therefore,  concluded  that  the  injection  of  saline  solution 
employed  in  these  experiments,  that  is,  a  volume  equal  to  that  of  the 
blood,  ia  sufficient  to  produce  marked  alterations  in  blood  volume  with- 
out introducing  excessive  quantities  of  fluid. 

TABLE  ( 

Capacity  of  lit»uet  in  normal  rabbiu 


..„„..  .^.  „.„.„., 

■a- 

iOmin. 

20  mil.. 

aOBiin. 

tOmiD. 

Umin. 

«.„i.. 

Bzperimeni   66.  Two   times    the 

1 

normal  blood  volume  injected 
in  4  miautes 
Exptriment  BS.  Three  times  the 

,« 

IIB 

113 

102 

100 

100 

nonn&l  blood  volume  injected 

193 

153 

126 

121 

114 

107 

102 

in  6  minutes 

1 

Experiment   70.  Four   times   the 

1 

normftl  blood  volume  JDJected 

[l65 

120 

105 

100 

100 

iu  9  minutes 

1 

Experiment  67.  Four  times  the 

1 

normal  blood  volume  injected 

^242 

181 

in  7  minutes 

J 
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Capacity  0} 

TABLET 

i8«u««  in  nephritic  rabfnU 

.^T.V.«.OOOTOt™.*,»» 

■^ 

lOmin. 

SOmin- 

Wmin. 

ttmiB. 

«nu«. 

MnuB. 

ExTMrimml  75.  Four  tim«8  the 
normal  blood  volume  injected 

Experiment  7*.  Four  times  the 
normal  blood  volume  injected 
in  12  minutes 

177 
200 

121 
141 

124 
137 

121 
137 

121 
137 

121 
137 

121 

BXPERIUENTS   WITH   DOQS 

Id  order  to  follow  the  lymph  flow  after  intravenous  injections  of 
saline  solutions,  and  to  determine  whether  the  above  observations  made 
<m  rabbits  are  applicable  as  well  to  d<^,  the  experiments  made  on  nor- 
mal and  nephritic  rabbits  were  repeated  on  dogs.  Narcosis  was  pro- 
duced by  a  subcutaneous  injection  of  10  n^.  of  morphine  sulphate  and 
1  mg.  of  atropine  sulphate  per  kilogram  of  body  we^ht;  and  ether  was 
given  whenever  necessary.  A  fistula  of  the  thoracic  duct  having  bees 
made,  the  lymph  was  collected  in  five  minute  periods.  Ringer's  solu- 
tion (25  cc.  per  kilogram)  was  injected,  the  remainder  of  the  procedure 
being  the  same  as  in  the  experiments  on  rabbits. 

Under  normal  conditions  and  after  ligation  of  the  kidneys.  In  experi- 
ment 18  the  curve  of  the  blood  volume  after  saline  injections  is  very  dif- 
ferent from  that  seen  in  normal  rabbits.  Instead  of  returning  to  nor- 
mal within  half  an  hour  after  the  injection,  the  blood  volume  remains 
above  normal  throughout  the  experiment.  A  second  injection  produces 
a  similar  but  more  marked  effect.  Ligating  the  kidneys  is  without 
influence  on  the  regulation  of  the  blood  volume. 

The  lymphagogic  action  of  the  saline  injections  is  noticeable,  the 
quantity  of  lymph  being  increased  four  fold  or  more.  The  amount  of 
fluid  which  leaves  the  blood  and  passes  into  the  thoracic  lymphatic  sys- 
tem is,  however,  small  in  proportion  to  the  size  of  the  injection.  In 
experiment  18,  after  the  injection  of  500  co.  of  Ringer's  solution,  the 
lymph  collected  amounted  to  only  123  cc.  or  about  25  per  cent  of  the 
injected  fluid.  Most  of  the  fluid  had  left  the  blood  but  was  evidently 
absorbed  and  held  back  by  the  tissues. 
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Experiment  18.  Dog  cf,  aonnal,  weighing  10.25  kilograau. 

S.30  a.m.— Subcutaneous  injection  of  10  mg.  morphine  sulphate  and  1  mg. 
atropine  sulphate  per  kilDgram. 

9.30  a.m. — Aoaeathetiied  with  ether.    Cannula  in  thoracic  duct. 

InjectioDB  of  Ringer's  solution  into  right  femoral  vein.  Blood  samples  from 
left  femoral  artery. 


.™« 

«. 

™ 

UUTTTl 

Time 

ug™i 

Tid» 

H«^ 

V^". 

«. 

ptrcmt 

10.41 

10.46 

1.5 

10-51 

1-65 

10.59-11.01,  injection  of  250  cc. 

-10.56 

1.75 

10.54 

93 

100 

Ringer's  solution 

•11.01 
11.03 

2.10 
5.4 

11.01 

72 

129 

11,07 

9.9 

11-06 

77 

121 

Deep  breathing  and  cries 

11.12 

U)-fi 

11.11 

80 

116 

11,17 

6.4 

11-16 

82 

113 

11.22 

5.6 

11-21 

84 

111 

11.27 

4.5 

11.26 

85 

109 

11.32 

4.0 

11.31 

84 

HI 

11.37 

3.6 

11.36 

84 

111 

11.42 

3.9 

11.41 

84 

111 

11.47 

3-7 

11,52 

3,3 

11-51 

84 

111 

11.57 

2.8 

12.02-12.25,  operation  of  ligat- 

12.02 

2.8 

12.01 

85 

109 

ing  kidney  at  bilum 

12.25 

12.30 

86 

108 

12.30-12.32,  injection  of  250  cc. 

12.30 

1.3 

12,32 

68 

137 

Ringer's  solution 

12.36 

2,1 

12-37 

75 

124 

12.40 

9-2 

12-42 

77 

119 

12.45 

6,7 

12.47 

79 

117 

12.50 

6.9 

12,52 

82 

113 

12,55 

5.6 

12.57 

80 

116 

1  OO 

44 

1.02 

80 

116 

1.05 

4.3 

1.07 

82 

113 

MO 

3.9 

1  .12 

83 

112 

1.15 
1.20 

3.7 
3.4 

1.25 

2.8 

1.22 

87 

107 

1.30 

3.3 

1-35 

3.0 

1.32. 

86 

108 
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Experiment  S6.    Dog  cf.  nephritic,  weighing  12  kg. 

June  2 — Subcutaneous  injection  of  6.7ing.  uranium  r)i Irate  per  kilo. 

June  3— Urine  560  cc.  Specific  gravity  1.030.  Reaction  acid.  Heavy  floceu- 
lent  precipitate  on  heating.  Heavy  aediment  on  standing.  Very  few  caat>, 
round  cells  very  prominent,  no  blood  cells.    Benedict's  solution  strongly  reduced. 

Injection  of  6.7  mg.  uranium  nilraU  per  kg. 

June  4 — Weight  10  kg.  Drank  freely  of  water.  Urine  420  cc.  Sediment  on 
standing.' 

9  a.m. — Injection  of  10  mg.  morphine  sulphate  and  1  mg.  atropine  sulphate 
per  kg. 

10  a.m. — ^Anaeathetiied  with  ether.    Cannula  inserted  in  thoracic  duct. 


— 

,^. 

..■^T-V. 

Tim« 

"flt^ 

Tim« 

Sss- 

^1^ 

«. 

ps-wtl 

10.22 

10,27 

2.7 

10,26 

63 

100 

10.36-10.38  Injection  I  of  250 

10.32 

2.9 

cc.  Ringer's  solution 

10,39 

10.38 

46 

137 

Lymph  grows  turbid 

10.44 

3  5 

10.43 

52 

121 

Lymph  very  turbid 

10,49 

3.7 

10.48 

55 

114 

10.54 

40 

10.53 

55 

114 

10.59 

4.S 

10.58 

56 

112 

Lymph  watery  and  olesr 

11,04 

5,0 

11.03 

57  ■ 

111 

1106 

3,5 

11  08 

54 

116 

11, 14 

29 

11.13 

55 

114 

ll.23-ll.24i  Injection  U  of  250 

11  19 

2.2 

11.18 

55 

114 

cc.  Ringer's  solution 

11  25 

11.25 

42 

ISO 

Lymph  clear 

11,30 

6.4 

11.30 

47 

134 

Lymph  turbid 

11,35 

3.8 

11.35 

52 

121 

11.40 

4,0 

11.40 

54 

lie 

11  45 

3,5 

11.45 

H 

116 

11,50 

3-6 

11  50 

54 

116 

11,55 

4,1 

n.55 

55 

114 

Lymph  clear 

12  00 

3,1 

12.00 

55 

114 

12.05 

3.0 

12.05 

56 

112 

12.10 

4.3 

12.10 

56 

112 

12  15 

3,4 

12  15 

57 

110 

12.23-12.27  Injection  III  of  500 

12.20 

34 

12.20 

56 

112 

12.27 

40 

157 

12.32 

10.7 

12.32 

44 

143 

Lymph  turbid 

12,37 

8,5 

12  37 

45 

140 

12,42 

6.8 

12.42 

46 

137 

12.47 

5-6 

12,47 

46 

137 

12,52 

5.6 

12.52 

48 

133 

12,57 

9,3 

12.57 

48 

133 

1,02 

4.2 

1-02 

49 

128 

1,07 

5,4 

1,07 

51 

123 

1,13 

4  6 

1,13 

52 

121 

1.18 

1,1 

1,23 

,6 

1,21 

50 

126 

No    flow    of    lymph — due    to 

1.28 

1  drop 

1,26 

52 

121 

wrong  position  of  cannula— 

no  clot. 

c  pale,  hypertrophied  and  watery;  bladder  contained  a  little  U 
irine;  peritoneal  cavity  contained  about  5  cc.  of  fluid. 
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In  uranium  Tiepkritia  and  in  tartrate  nepkritia.  Uranium  nephritis 
was  induced  by  subcutaneous  injections  of  6.7  mg.  of  uranium  nitrate 
per  kilogram  of  body  weight  on  two  successive  days  and  the  dogs  were 
used  for  experimental  purposes  on  the  third  day.*  Tartrate  nephritis 
was  produced  in  the  same  manner  as  in  the  rabbits. 

Ezperimenl  St.    Dog  9  ,  nephritic,  weighiDg  8.2  kg. 
June  14 — Placed  in  cage  without  food.    Drank  freely. 
June  16 — Subcutaneous  injection  of  8  g.  Mdium  tartrate. 
June  17 — S.30  a.m.    Subcutaneous  injection  of  10  mg.  morphine  sulphate  and 
1  mg.  atropine  sulphate  per  kilogram. 

Anaesthetized  with  ether  at  9,45  a.m.    Cannula  inserted  in  thoracic  duct. 


LTMPB 

BLOOD 

SBL.Tini 

Time 

Tm. 

Btood 

flo. 

llabio 

«. 

per  onl 

10.57 

Lymph  flow  uniform 

11.02 

0,8 

11.02 

75 

100 

11,07 

2,5 

11,05 

56 

134   . 

cc.  Ringer's  solution 

11.12 

7,1 

11-10 

63 

121 

11.17 

4,5 

11,15 

66 

114 

Lymph  clears 

11.22 

4  2 

11,20 

6S 

no 

11.27 

2,7 

11,25 

70 

107 

Animal  cries 

11.32 

3,3 

11,30 

70 

107 

11,37 

2,5 

11,35 

69 

108 

11.43-11.44  Injection  11  of  200 

11  42 

2.2 

11-40 

70 

107 

cc.  Ringer's  solution 

11.47 

7.0 

11,45 

54 

139 

11.52 

14.0 

11.50 

60 

125 

11.57 

9  5 

11.55 

60 

125 

12,02 

7,0 

12.00 

62 

121 

12,07 

5.1 

12,05 

64 

117 

12  12 

5.2 

12,10 

66 

114 

12.17 

3.8 

12.15 

67 

112 

12.23-12.25  Injection  III  of  400 

12.22 

3.8 

12.20 

65 

115 

cc.  Ringer's  solution 

12.27 

12,0 

12.25 

43 

174 

12.32 

13,7 

12  31 

55 

136 

12  37 

8  1 

12  42 

8.4 

12.40 

63 

121 

12.47 

80 

12.45 

63 

121 

12,52 

8,4 

12.50 

63 

121 

Respiration  increased 

12,57 

10  6 

1255 

63 

121 

1  02 

8.5 

1,00 

65 

115 

Kidneys  were  pale  but  normal  in  siie  and  without  edema.  Bladder  contained 
Occ,  of  urine,  which  was  very  light  in  color  and  gave  a  strong  protein  test;  there 
'aa  no  fluid  in  either  the  pleural  or  peritonea]  cavities. 

•  MacNider:  Journal  of  Med.  Res.,  1913,  Txviii,  403. 
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These  experiments  display  a  condition  similar  to  that  in  the  oormal 
,dog  and  in  the  nephritic  rabbit  following  saline  injections.  There  is 
uniform  inability  to  restore  the  blood  volume  to  normal  and  it  will  be 
noted  that  the  excess  of  fluid  in  the  circulation  is  about  the  same  in 
dogs  after  two  injections  of  25  cc.  per  kilogram  as  in  nephritic  rabbits 
after  s  single  injection  of  50  cc.  per  kilogram.  The  lymph  flow  varies 
widely  in  individual  d(^  but  is  not  markedly  different  in  nephritic  and 
normal  animals.  These  observatiops  are  shown  in  graphic  form  in  the 
charts  which  follow. 
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THE  INFLUENCE  OF  UORFHINB  AND  ATROPINE  UPON  BLOOD  VOLUME 
REGULATION  FOLLOWING  INJECTIONS  OF  SALINE  SOLUTIONS 

In  attempting  to  explain  these  conflicting  data,  it  seemed  hardly  prob- 
able that  difference  in  species  would  account  for  this  wide  divergence 
in  physiological  behavior.  The  most  important  distinction  in  experi- 
mental procedure  appeared  to  be  that  the  dogs  were  given  a  subcuta- 
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neous  injection  of  10  mgm.  of  morphine  sulphate  and  one  of  atropine 
sulphate  per  kilogram  one  hour  previous  to  anaesthetization,  while  the 
rabbits  were  not.  Investigations  were,  therefore,  made  to  determine 
whether  this  factor  was  responsible  for  the  different  results  obtained  in 
the  experiments  on  dogs. 

In  normal  dogs.  The  results  of  such  experiments  are  seen  in  the  fol- 
lowing illustrative  protocol. 

Experiment  71.  Dog  d",  normal,  weighing  8  kg.  No  morphine  and  atropine 
injection  given.  Animal  anaesthetised  with  ether.  Injection  of  200  cc.  of 
Ringer's  solution  in  I  minute  30  seconds. 


miB 

BBHOOLOIIH 

UUTITI  BLOOe 

ptanl 
80 

61 
70 
75 
80 

After  injection 

Experiment  71  demonstrates  that  normal  dogs  which  have  not  re- 
ceived morphine  and  atropine  are  able  to  completely  restore  the  blood 
volume  to  normal  after  saline  injections,  behaving  in  the  same  manner 
as  rabbits  under  similar  circumstances.  This  is  confirmed  by  the  re- 
sults of  fgyf  other  similar  experiments.  On  the  other  hand,  Experi- 
ments 43  and  65  (see  table  2)  argue  against  this  conclusion,  since,  in 
these  experiments,  the  blood  volume  had  not  returned  to  normal  after 
periods  of  forty  minutes  and  one  hour  respectively,  although  the  dogs 
had  received  no  roorphine-atropine  injection  and  were  supposedly  nor- 
mal. As  no  proof  was  obtained  that  these  animals  were  actually  nor- 
mal and  as  one  of  them  (experiment  43)  was  obviously  in  very  poor 
condition,  a  fact  which  was  further  evidenced  by  the  abnormally  low 
content  of  hemoglobin  and  total  sohds  in  the  blood,  it  is  possible  that 
they  were  either  spontaneously  nephritic  or  were  suffering  from  some 
other  condition  which  produces  &  similar  effect  on  the  regulation  of 
the  blood  volume.  The  fact  that  none  of  the  animals,  which  received 
morphine  and  atropine  were  able  to  completely  restore  their  normal 
blood  volume  after  saline  injections,  while  this  was  accomplished  by  . 
five  dogs,  which  had  not  received  morphine-atropine  injections,  clearly 
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indicates  that  this  factor  is  responsible  for  the  inability  to  restore  nor- 
mal blood  volume. 

In  normal  r<U^ta.  In  order  to  complete  the  evidence  on  this  point, 
three  rabbits  were  given  injections  of  morphine  and  atropine  sulphates, 
the  same  amounts  per  kilogram  of  body  weight  being  subcutaneously 
administered  and  the  same  length  of  time  being  allowed  to  intervene 
before  the  injection  of  the  saline  solution  as  in  the  experiments  on  dogs. 
The  rabbits  showed  themselves  less  sensitive  to  morphine  than  the  dogs, 
for  the  narcotic  effect  of  that  drug  was  not  noticeable.  Nevertheless, 
the  effect  on  blood  volume  after  injectionB  of  saline  solution  was  the 
same  as  that  observed  in  dogs.  This  is  readily  seen  in  the  protocol 
which  follows. 

Esperimenl  83.  Rabbit  c?,  with  morpbiDe  aod  atropiae  injection.  Weight, 
1800  grama. 

9  s.in. — SubcutaneouH  injection  of  10  mg.  morphine  aulpbate  and  I  mg.  atro- 
pioe  sulphate  per  kilogram.      10  a.m. — Bladder  emptied  and  aoinial  etherised. 

iDJectioD  of  90  Fc.  of  RiDger's  solutioD  in  1  minute  30  gecoods. 


„.. 

"■r^;i"-" 

49 

29 
40 
43 

42 
42 
43 
42 

After  injection 

Bladder  contaiocd  5 
n  the  peritoneal 


ity. 


o  fluid  in  the  pleural  cavity;  2  to  3  cc.  fluid 


The  subcutaneous  injection  of  morphine  and  atropine  sulphates  re- 
sults, therefore,  in  an  ineffective  regulation  of  the  blood  volume  similar 
to  that  produced  by  nephritis.  It  seems  probable  that  the  morphine- 
atropine  injection  decreases  the  permeability  of  the  capillary  walls 
either  directly  by  acting  on  the  blood  vessels  themselves  or  indirectly 
by  producing  some  injury  to  the  kidney  which  results  in  this  decreased 
I  capillary  i>ermeability.  Whether  thb  effect  is  due  to  the  morphine  or 
.  to  the  atropine  or  to  their  combined  action,  remained  to  be  determined 
and  the  results  of  this  investigation  are  seen  in  the  following  experiments. 
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Experijnenl  79.     Rabbit  d",  with  atropine  injection,  weighing  2220  Rrams. 
1.15  p.m. — Subcutaneous  injection  of  I  mg.  atropine  sulphate  per  kilogram. 
2.20  p.m. — Animal  anaesthetised  with  ether. 
Injection  of  110  cc.  of  Ringer's  solution  in  2  minutes  10  seconds. 


Before  injection... 

After  injection 
Immediately. . 

10  minutes 

20  minutes 

30  minutes 


Experiment  80.    Rabbit  cf ,  with  morphine  injection,  weighing  2420  grams. 

2.20  p.m. — Subcutaneous  injection  of  10  mg.  morphine  sulphate  per  kilogram. 

3.20  p.m. — Anaesthetised  with  ether.  The  most  marked  narcotic  effect  of 
morphine  noted  in  rabbits  was  seen  in  this  experiment.  The  animal  was  ren* 
dered  stupid  before  ether  was  given  and  after  anaesthetization  no  further  ether 
was  required  in  the  course  of  an  hour. 

Injection  of  120  cc.  of  Ringer's  solution  in  2  minutes  20  seconds. 


ExpterimcDts  79  and  80  prove  that  the  failure  of  the  blood  volume  to 
retuTQ  to  normal,  after  injections  of  saline  solutions,  produced  in  both 
d(^  and  rabbits  by  the  injection  of  mopbine  and  atropine  sulphates, 
is  the  result  of  the  action  of  the  morphine  sulphate,'"    Experiment  80 

"Since  the  above  statement  was  written,  Kleiner  and  Meltser  (Proc.  Soc. 
Exp.  Biol,  and  Med.,  1916,  xiii,  142)  have  indicated  that,  after  intravenous 
injections  of  dextrose,  morphine  retards  the  disappearance  of  the  excess  of  sugar 
from  the  circulation,  as  shown  by  a  persistent  h}-perglyecmia. 
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gives  evidence  that  this  effect  of  the  morphine  is  not  due  to  the  de- 
creased blood  pressure,  which  it  causes,  since,  in  that  event,  the  effect 
should  be  more  pronounced  when  morphine  is  given  alooe  than  when 
it  is  given  with  atropine,  which  tends  to  nullify  the  action  of  the  mor- 
phine on  blood  pressure. 

In  nephritic  dogs.  Experiments  have  been  cited  to  show  that  the 
regulation  of  the  blood  volume  after  injections  of  saline  solution  is  the 
same  in  normal  dogs  and  rabbits  without  morphine  administration. 
Injections  of  morphine  have  been  shown  to  cause  inability  to  restore 
the  original  blood  volume  after  injections  of  saline  solution  in  both  dogs 
and  rabbits.  The  same  effect  has  been  produced  in  rabbits  by  inducing 
a  nephritic  condition.  If  this  partial  recovery  of  ordinal  blood  volume 
after  injection  were  found  to  be  the  result  of  a  nephritic  condition  in 
dogs,  the  analc^pr  would  be  complete  and  the  deductions  made  from  ex- 
periments on  one  species  might  be  regarded  as  applicable  to  the  other. 
As,  unfortunately,  all  the  earlier  data  on  nephritic  dogs  were  taken 
from  animals  which  had  received  morphine,  no  conclusions  could  be 
drawn  from  these  experiments.  A  number  of  dogs  were,  therefore, 
rendered  nephritic  with  uranium  nitrate  and  injected  with  Ringer's  so- 
lution ae  in  the  earUer  procedure  except  that  no  morphine-atropine  in- 
jection was  given.  When  these  animals  were  used  for  experimentation 
on  the  second  day  of  the  nephritis,  little  or  no  defect  in  the  regulation 
of  the  blood  volume  was  found.  In  all  later  experiments,  therefore, 
the  dogs  were  used  on  the  fourth  day  of  the  nephritis,  as  was  the  case 
with  the  rabbits  with  uranium  nephritis,  and  results  entirely  compara- 
ble with  those  noted  in  nephritic  rabbits  were  obtained.  A  specimen 
protocol  follows. 

Experiment  71.    Dog,  oephritic.    Weight  10.5  kg. — male. 
January  18 — Subcutaneous  injectioa  of  6.7  mg.  uranium  ntfrafe  per  kilogram. 
January  19 — Subcutaneous  iniectioD  of  6.7  mg.  uranium  ntfrale  per  kilogram. 
320  cc,  urine,  containing  sugar  but  no  protein, 

January  20 — 500  cc.  urine,  containing  BUgar  and  protein. 
January  21 — 220  cc.  urine,  containing  sugar  and  protein. 
January  22—140  cc.  urine,  containing  neither  sugar  nor  protein. 
Injection  of  morphine  and  atropine  omitted.     Ether  anaesthesia  only. 
Injection  of  250  cc.  of  Ringer's  solution  in  I  minute  50  seconds. 
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72 

56 
59 
62 
62 
64 
62 
«2 

After  injection 

20  minutes 

Sa  minutee 

60  minutes 

B  empty;  there  was  s 


Kidneys  were  congeaMd,  with  great  edema;  bladder  n 
fluid  in  the  body  cavities. 

It  thus  appears  that  the  existence  of  a  condition  of  scute  nephritis 
results  in  an  inability  of  the  animal  to  completely  restore  its  blood  vol- 
ume to  normal  after  injections  of  sahne  solution,  in  dogs  as  well  as  in 
rabbits. 

In  one  experiment,  although  the  characteristic  effect  of  the  nephritis 
on  the  regulation  of  the  blood  volume  was  present,  it  was  much  less 
marked  than  usual.  This  is  probably  accounted  for  by  the  fact  that 
the  dog  used  was  young."  It  seems  somewhat  more  diffcult  to  produce 
an  acute  nephritis  in  dogs  than  in  rabbits.  The  diuretic  effect  of  the 
uranium  is  more  marked  and  anuria  does  not  set  in  till  later.    While 

TABLE  8 

Rtgutation  of  blood  volume  in  normal,  nephrilit  and  ntorphiniied  dog»  and  rabbiU 

after  injeetiont  of  »alin«  tolution 

Average  figures 


a,..,.™  .™»  ,o..M 

liOD 

Bin. 

JL. 

mta. 

30 

I^D. 

30 

u 

40 

mfo- 

m"™. 

•9 

Normal  rabbits 

14« 

139 
154 
129 
159 
136 

121 
128 

130 

116 
120 
123 
120 
126 
125 

107 
121 

121 

103 
106 
117 
118 
120 
117 

102 
117 

117 

100 
104 
116 
115 
117 

116 

100 

115 
117 

100 

116 
114 

inn 

Nephritic  rabbits.. - 

Nephritic  dogs 

Morphiniied  rabbits.. 

115 
114 

"  MacNider,  Journal  of  Pharmacology  and  Experii 
491,  1913. 


r^'GoOglii 


218  !>.    J.    BOOEHT,    P.    P.    UNDGRHILL   AND    L.    B.    HENDEL 

it  is  not  necessary  that  anuria  should  set  in  before  the  deficient  regula- 
tion of  the  blood  volume  is  noted,  it  is  essential  that  the  nephritis  should 
have  progressed  to  a  certain  degree  of  acutenesa. 

It  seems  probable,  therefore,  that,  since  the  regulation  of  the  blood 
volume  has  been  shown  by  experimentation  to  be  the  same  in  both 
dogs  and  rabbits  in  all  cases  where  similar  conditions  prevailed,  conclu- 
sions drawn  from  experiments  on  either  species  may  be  considered  as 
applicable  to  the  other  species. 

SUMMARY   OP  THE   MORE   IMPORTANT   CONCLUSIONS 

The  regulation  of  the  blood  volume  in  normal  animals  is  both  rapid  and 
ejfficieTit;  for  complete  restoration  of  the  original  blood  volume  takes 
place  within  thirty  minutes  after  the  intravenous  injection  of  a  quan- 
tity of  saline  solution  equal  to  the  calculated  blood  volume  of  the  animal. 

The  aclivily  of  the  kidneys  is  not  essential  to  this  regulation  of  the  blood 
volume,  as  it  occurs  even  after  ligation  of  these  organs. 

In  conditions  of  nephritis,  ijiability  to  restore  Ike  blood  volume  to  nor- 
mal after  injections  of  saline  solution  usually  manifests  itself.  Experi- 
ments on  animals  with  uranium  nephritis  confirm  the  results  of  Boycott 
in  this  respect.  New  experiments  on  animals  with  nephritis  induced  by 
sodium  tartrate  reveal  a  similar  incomplete 'regulation  of  the  blood  vol- 
ume under  these  circumstances. 

Morphine  sulphate,  administered  subcutaneously  in  large  doses,  pro- 
duces an  effect  on  the  regulation  of  the  blood  volume  comparable  with  that 
resulting  from  a  condition  of  nephritis. 

The  factor  of  species  is  probably  of  Utile  importance  in  studies  on  this 
regulation  of  the  blood  volume,  since  dogs  and  rabbits  react  alike  when 
the  conditions  are  identical. 

Restoration  of  the  blood  volume  to  normal  after  intravenous  injections  of 
saline  solutions  is  not  primarily  effected  by  the  transfer  of  the  excess  of 
fluid  from  the  blood  vessels  to  the  thoracic  lymphatic  system.  The  tissues 
act  as  a  reservoir  for  this  fluid. 

The  capacity  of  the  tissues  of  rabbits  to  absorb  fluid  is  approzimately 
four  limes  the  normal  blood  volume  of  the  animal. 
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There  are  few  references  in  the  literature  relative  to  intravenous  in- 
jections of  colloidal  solutions.  In  explanation  of  the  small  changes  in 
arterial  pressure  caused  by  the  injection  of  large  quantities  of  blood, 
von  Reg^czy  ('85)  offered  the  suggestion  that  the  injected  fluid  leaves 
the  circulation.  As  proof  of  this,  he  cited  an  increased  lymph  flow  fol- 
lowing such  injections  and  the  higher  specific  gravity  of  the  blood  after 
blood  of  a  lower  specific  gravity  had  been  injected.  Magnus  ('01)  also 
made  large  injections  of  blood  and  reiwrted  that  30  to  56  per  cent  of 
the  injected  fluid  left  the  circulation  within  an  hour  although  no  diure- 
sis resulted.  Roth  ('99)  found  that,  when  a  protein  solution  (dialyzed 
horse  serum)  was  placed  in  the  peritoneal  cavity,  water  was  first  drawn 
into  the  blood  on  account  of  the  low  osmotic  pressure  of  the  protein  so- 
lution, but  that  later,  when  the  osmotic  pressures  were  equalized,  pro- 
tein began  to  diffuse  into  the  blood  and  salts  to  diffuse  out.  He  con- 
cluded that  water  in  the  form  of  a  colloidal  solution  can  pass  through 
the  walls  of  the  blood  vessels  and  that  these  walls  are  semipermeable 
for  colloids  as  well  as  crystalloids. 

Fischer  and  Hogan  ('12)  made  intravenous  injections  of  gelatin  solu- 
tions and  reported  that  these  were  not  diuretic  and  that,  therefore,  high 
arterial  pressure  was  maintained  for  a  longer  time  after  such  injections 
than  after  injections  of  safine  solutions.  It  was  suggested  that  gelatin 
solutions  might  advantageously  replace  ordinary  saline  solutions  for 
injection  in  cases  of  shock  where  it  is  desirable  to  keep  the  blood  pres- 
sure high  for  a  considerable  period  of  time  (Hogan  '15).     In  the  ex- 

'  The  data  in  this  paper  are  taken  from  the  dissertation  presented  by  L.  Jean 
Bogert  for  the  degree  of  Doctor  of  Philoaophy,  Yale  University,  1916. 
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periments  of  Roger  and  Garnier  ('13)  Locke's  solution,  to  which  gum  or 
getatin  had  been  added,  was  found  to  leave  the  blood  vessels  less  readily 
than  plain  Locke's  solution.  That  gelatin  solutions  disappear  from  the 
blood  stream  less  rapidly  than  saline  solutions  and  less  rapidly  in  ne- 
phritic than  in  nonnal  rabbits  were  the  conclusions  reached  by  Boycott 
('14)  as  a  result  of  his  experiments  on  the  injection  of  colloidal  solutions 
in  rabbits. 

EXPERIMENTAL 

The  experiments  to  be  detailed  were  catried  out  in  the  same  manner 
as  those  in  the  preceding  paper  except  that  the  Ringer's  solution  in- 
jected contained  approximately  2  per  cent  of  gelatin.  In  making  this 
solution  care  was  taken  to  follow  the  directions  given  by  Hogan  ('15) 
for  making  gelatin  solutions  for  injection  in  man  and  evidently  the  col- 
loidal nature  of  the  gelatin  was  not  injured. 

EXPERIUENTS   WITH   RABBITS 

Under  normal  conditions.  Of  the  six  normal  rabbits,  which  received 
injections  of  gelatin  solution,  three  were  able  to  restore  their  blood  vol- 


Bxperiment  SO. 
of  gelatin  aolutio 


Rabbit  9  ,  aormal,  weighing  1700  grams.    Injectioa  of  85  ci 
in  3  min.  5  sec. 
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iO  minutes 
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no 

40  minutes 

100 

45  minutes 

50  minutes 

100 

In  the  bladder  were  50  cc.  of  urine,  secreted  during  the  experiment,  which  con- 
tained no  coagulable  protein  but  gave  a  strong  biuret  test.  There  were  about  4 
cc.  of  fluid  in  the  peritoneal  cavity  and  a  small  amount  iu  the  pleural  cavity. 
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ume  to  Donnal  in  the  same  length  of  time  as  after  a  saline  injection,  or 
with  only  a  slight  delay,  while  three  rabbits  showed  some  difficulty  in 
disposing  of  the  injected  fluid,  from  11  to  27  per  cent  of  it  being  still 
present  in  the  circulation  after  an  hour.  Experiment  50  is  an  example 
of  the  first  group  and  experiment  46  represents  the  second  group. 


Experiment  iS.    Rabbit  Q 
cc.  of  gelatin  solution  in  *  min 

normal 
20  Bee. 

njection  of  ISO 

,.« 

■MJIITB  aLOOD 

ptretnl 
83 

38 
30 
42 
41 
48 
48 
50 
50 
52 
54 
64 
65 
64 

After  injectioD 

ISO 

131 

25  minutes 

126 

lis 

In  the  bladder  were  30  cc.  of  urine,  containing  no  coagulate  protein  or  reduc- 
ing flubatances  but  giTing  a  strong  biuret  t«st.  There  was  no  fluid  in  the  pleural 
caTitjr  and  only  3  to  4  cc.  in  the  peritoneal  cavity. 

Hie  bladder  was  emptied  previous  to  the  injection,  in  these  experi- 
ments, and  the  urine  secreted  during  the  period  of  observation  was 
collected.  The  amount  secreted  in  one  hour  after  the  injection  varied 
from  6  to  59  per  cent  of  the  injected  fluid,  with  an  average  figure  of  27 
per  cent.  The  data  collected  on  urine  excretion  in  normal  rabbits  after 
saline  injections  show  that  9  to  53  per  cent  of  the  injected  fluid,  or  an 
average  of  28  per  cent  was  excreted  by  the  kidneys  in  the  hour  following 
the  injection.  From  these  experiments,  therefore,  it  appears  that  after 
introduction  of  colloidal  solutions  fluid  is  excreted  to  the  same  extent 
as  with  saline  solutions. 

Boycott  ('14)  found  that  gelatin  leaves  the  circulation  and  that  the 
quantity  lost  varies,  in  a  genera!  way,  with  the  quantity  of  Uquid  ex- 
pelled.    In  the  above  experiments,  the  samples  of  urine  taken  an  hour 
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after  the  injection  were  alt  found  to  show  no  coagulable  protein  but  to 
give  a  strong  biuret  test.  This  indicates  that  not  only  can  the  gelatin 
leave  the  blood  stream  but  it  can  be  excreted  by  the  kidneys  as  well. 
In  nephritis.  There  is  also  considerable  diCEerence  in  the  relative 
ease  with  which  the  nephritic  rabbits  disposed  of  the  colloidal  injec- 
tions. Experiment  52  shows  a  case  where  the  colloidal  solution  left 
the  circulation  with  no  greater  difficulty  than  a  saline  solution.  In  ex- 
periment 56,  however,  a  large*  proportion  of  the  solution  was  unable  to 
leave  the  blood  vessels  during  the  experiment.  The  amount  of  the 
injected  fluid  still  in  the  circulation  after  one  hour  varied  from  11  to 
57  per  cent. 

Experiment  St.    Rabbit  9 ,  nephritic  weighing  2600  grams. 
October  15 — Subcutaneous  iojectioD  of  10  mg.  uranium  nilraU  per  kilogram. 
October  10 — Urioe  for  previous  twenty-four  hours,  6'cc.,  which  contains  sugar 
and  protein.    Animal  in  good  condition. 

Injection  of  125  cc.  of  gelatin  solution  in  3  minutes. 
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Kidneys  were  very  pale,  with  marked  edema;  bladder  was  empty;  pleural  and 
peritoneal  cavities  each  contained  2  to  3  cc.  of  clear  fluid. 
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Experiment  SS.    Rabbit  cT,  nephritic,  weighing  1960  grams. 

October  19 — Subcutaaeous  injection  of  10  mg.  uranium  nitrate  per  kilogram. 

October  23 — Animal  used  for  injection  of  gelatin  Botutioo. 

Injection  of  98  cc.  of  gelatin  solution  in  2  minutes  25  seconds. 
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Kidneys  were  pale  and  enlarged,  with  marked  edema;  in  the  bladder  were  43 
CC-  of  light,  turbid  urine,  containing  a  small  amount  of  sugar  and  coagulable  pro- 
tein and  giving  a  strong  biuret  test;  there  were  4  cc.  of  clear  fluid  in  the  perito- 
neal cavity  while  the  pleural  cavity  contained  no  fluid. 

The  average  figures  obtained  from  the  experimeats  with  injectioas 
of  colloidal  solution  in  normal  and  nephritic  rabbits  are  given  in  table 
9  and  these  data  were  used  in  plotting  the  curves  in  the  accompanying 
chart. 


lUguiation  of  the  bUMd  volume  after  injecliomo/  saline-colloidal  lolulion 
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EXPERIMENTS   WITH   D008 

Uitder  normal  eoTiditiOTts  and  in  nephritis.  Both  the  normal  and  ne- 
phritic dogs  disposed  of  the  gelatin  injections  with  ease.  As  morphioe- 
atropine  injections  were  given  in  each  experiment,  the  animals  were 
never  able  to  completely  restore  their  blood  volume  to  normal  but 
they  did  so  to  as  great  or  greater  extent  than  after  saUne  injectiooB. 
The  colloidal  injections  showed  a  marked  lymphagogic  action.  The 
average  amount  of  the  injected  fluid  collected  as  lymph  is  25  per  cent 
in  the  normal  dogs  and  34  per  cent  in  the  nephritic  dogs.  These  fig- 
ures are  sUghtly  larger  than  corresponding  figures  after  saline  injections. 
These  animals,  therefore,  had  no  difficulty  in  expelling  from  the  circu- 
lation excess  of  fluid  held  in  colloidal  solution.  The  protocols  which 
follow  show  the  course  of  two  such  experiments  and  the  general  results 
are  shown  in  the  accompanying  charts. 
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Sxperiment  S4.    Dog  cf ,  non&ftl,  weighing  13  kg. 

8.30  a.m. — Subcuteoeoua  injection  of  10  mg.  morphine  milphate  sod  Img.  Atro- 
pine nilphate  per  kilogram. 

9.30  ftjn.— Anttestbetited  with  ether.    Ctuiuula  in  thoracic  duct. 
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There  was  no  fluid  in  either  of  the  body  cavities;  in  the  bladder  were  100  cc.  of 
medium  colored  urine  which  contained  no  coagul^le  protein  but  gave  the  biuret 
tert. 
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CONCLTJStON 

Fluid  injttoted  in  the  form  of  colloidal  solution  may  leave  the  circula- 
tion as  readily  as  that  in  non-colloidal  solution ;  but  usually  the  regula- 
tion of  the  blood  volume  is  less  efficient  after  the  injection  of  eoUoidal  solu- 
tions. 
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The  injection  of  alkaline  solutions  having  been  proposed  by  Fischer 
('15)'  as  a  means  of  dehydrating  the  colloids  of  the  body,  it  was  thought 
of  interest  to  determine  whether  the  regulation  of  the  blood  volume 
after  injections  is  any  different,  especially  in  nephritic  animals,  when 
alkali  is  added  to  the  injection  fluid. 

Sodium  carbonate  was  dissolved  in  0.9  per  cent  sodium  chloride 
solution,  as  Ringer's  solution  could  not  be  used  on  accoimt  of  the  pre- 
cipitation of  the  calcium  as  calcium  carbonate.  Solutions  equivalent 
to  0.2  per  cent  and  0.4  per  cent  sodium  carbonate  were  injected,*  the 
size  of  the  injection  being  in  each  case  equal  to  the  calculated  blood 
volume  of  the  animal.  The  effect  of  such  injections  is  seen  in  the  fol- 
lowing specimen  protocob. 

>  The  data  in  thia  paper  are  taken  from  the  dissertation  presented  by  L.  Jean 
Bogert  for  the  degree  of  Doctor  of  Philosophy,  Yale  University,  1916. 

■  Fiaeher,  Oedema  and  Nephritis,  Edition  2,  John  Wiley  and  Sons,  1915. 

'  For  description  of  the  technique  of  these  experiments  see  this  Journal,  1916, 
xU,  IW. 
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£zp«nmenl  41.  Rabbit  ! 
minutes  25  seconds,  of  165  c 
sodium  chloride  solution. 


,  nonnal,  weighing  3360  grams.    Injection,  in  3 
.  of  O.t  per  cent  sodium  earbonaU  in  0.9  per  cent 
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After  injection 

Bladder  contained  38  cc.  of  urine,  secreted  during  the  experiment,  which 
gave  a  very  faint  test  for  protein;  animal  was  pregnant;  there  were  6  cc.  of  fluid 
in  the  peritoneal  cavity  and  none  in  the  pleural  cavity. 


Experiment  4^.  Rabbit  9,  normal,  weighing  I6S0  grams.  Injection,  in  3 
minutes  15  seconds,  of  86  cc.  of  O.i  per  cen(  todiwn  carbimate  in  0.9  per  cent 
■odium  chloride  solution. 
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Bladder  contained  17  ci 
tests  for  protein;  there  wt 
the  pleural  cavity. 


irine,  secreted  during  the  experiment,  which  gave 
:c.  of  fluid  in  the  peritoneal  cavity  and  none  in 
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Experiment  iS.    Rabbit  c^,  nephritic,  weighiag  1800  gramB. 
Aug;uet  18 — SubcutaneouB  injection  of  10  mg.  uranium  m'trole  per  kilogrfun. 
August  19— Urine,  145  cc. 
August  20— Urine,  50  cc,  thick  and  turbid. 

August  21 — Urine,  27  cc,  strong  tests  for  both  protein  and  sugar. 
Injection,  in  4  minutes,  of  90  cc.  of  O.i  per  cent  lodium  carbonate  in  0.9  per  cent 
sodium  chloride  solution. 


Before  injection 

After  injection 

Immediately 

5  minutes 

10  minutes 

20  minutes 

25  minutes 

30  minutes 

Bladder  was  empty;  kidneys  were  very  pale  and  inflamed  but  with  no  edema; 
the  pleural  and  peritoneal  cavities  each  contained  1  to  3  cc.  of  fluid. 

Experiment  40-    Rabbit  9 ,  nephritic,  weighing  2000  grams. 

October  11 — Subcutaneous  injection  of  10  mg.  uranium  nitrate  per  kilogram. 

October  15 — Urine,  10  cc.  Sugar  and  protein  both  present.  Animal  lively 
and  in  excellent  condition.    Weight,  2540  grams. 

Injection,  in  2  minutes  5  seconds,  of  125  cc.  of  04  per  cent  sodium  earbonaU 
in  0.9  per  cent  sodium  chloride  solution. 


Before  injection 

After  injection 

Immediately 

5  minutes 

10  minut«8 

15  minutes 

20  minutes 

25  minutes 

30  minutes - 

Bladder  was  empty;  kidneys  were  pale  and  inflamed;  there  w 
in  the  peritoneal  cavity  and  none  in  the  pleural  cavity. 
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TABLE  10 

ReipUation  of  blood  volume  after  injeetion*  of  ealine  and  aikalin*-«aUne  tolutioni 

Average  figures 
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CONCLUSION 

It  will  be  seen  from  these  experiments  and  the  accompanying  chart, 
that  the  addition  of  aJkali,  up  to  0.4  per  cent  sodium  carbonate,  to  the 
fluid  injected,  hat  no  apparent  effect  on  the  regulation  of  the  Uood  volume 
either  in  normal  or  in  nephritic  animals.  The  rate  at  which,  and  the 
extent  to  which,  injected  fluid  leaves  the  blood  vessels  is  unaffected  by 
the  addition  of  sodium  carbonate. 
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lodin  and  'ts  compounds  have  long  been  recognized  among  the 
best  remedies  in  the  possession  of  the  physician.  Their  pharmacologic 
cal  action,  however,  is  still  imperfectly  understood.  This  seems  to  be 
particularly  true  of  their  eifect  on  the  circulation,  as  shown  by  Cappe  (1), 
in  a  review  of  the  literature  on  the  subject.  Some  observers  seem  to 
believe  that  they  are  circulatory  depressants  while  others  brought 
forward  evidence  indicating  that  iodin  and  sodium  iodid  were,  on  the 
contrary,  circulatory  stimulants.  According  to  Prevost  and  Binet 
(2)  a  fall  of  blood  pressure  is  caused  after  intravenous  injections  into 
animals,  but  their  effect  is  different  when  given  by  mouth.  They 
maintained  that  iodin  caused  a  rise  of  blood  pressure,  while  the  iodid 
failed  to  produce  any  effect  on  the  circulation  when  they  were  adminis- 
tered by  mouth. 

Lehndorff  (3)  stated  that  sodium  iodid  injected  intravenously  into 
cats  was  followed  by  a  rise  of  blood  pressure  amounting  to  50  per  cent, 
which  he  claimed  was  due  to  the  increased  cardiac  output  he  ob- 
served as  moderate  dilatation  of  the  peripheral  arteries  occurred  at  the 
same  time.  Macht  (4)  studied  the  action  of  iodin  and  iodid  on  the 
isolated  heart  of  frogs  and  mammals  as  well  as  on  intact  animals  and 
concluded  that  both  of  these  substances  are  cardiac  stimulants.  His 
tracings  show  only  a  moderate  increase  in  amplitude,  but  there  was 
pronounced  augmentation  in  the  frequency  of  heart  action.  He  also 
reported  that  sodium  iodid  caused  moderate  stimulation  of  the  cir- 
culation in  intact  animals,  but  he  failed  to  obtain  any  action  with  iodn. 

That  the  behavior  of  sodium  iodid  varies  with  the  condition  of  the 
circulation  was  maintained  in  a  recent  communication  by  Rctzlauf  (5). 
He  injected  intravenously  a  hypertonic  solution  of  sodium  iodid  into 
rabbits  whose  blood  pressure  had  been  lowered  by  hemorrhage.     The 
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firet  dose  showed  a  marked  but  transient  rise  of  blood  pressure.  The 
effect  of  successive  doses  given  later  diminished  with  the  progressive 
rise  of  blood  pressure. 

In  the  course  of  studies  on  the  action  of  various  organic  derivatives  of 
iodin,  we  noticed  that  they  often  caused  a  marked  fall  of  blood  pressure. 
This  suggested  to  us  the  advisability  of  testing  the  effect  of  molecular 
iodin  and  of  sodium  iodid  on  the  circulation.  The  results  form  the 
subject  of  the  present  communication. 

Iodin  was  dissolved  in  alcohol  and  was  added  to  Ringer's  solution, 
the  alcohol  being  employed  in  order  to  facilitate  the  solution  of  iodin. 
The  concentration  of  alcohol  in  the  perfusion  fluid  varied  between 
0.03  and  0. 16  per  cent.  It  might  be  stated  in  advance,  that  this  had  no 
effect  on  cardiac  action.  Iodin  was  used  in  the  proportions  of  1 :  30,000; 
1 :15,000;  1 :10,000;  and  1:5,000,  these  solutions  being  perfused  forvari- 
able  periods  of  time.  In  some  experiments  small  quantities  of  olive  oil 
were  added  to  the  Ringer-iodin  solution.  Studies  were  also  made 
with  different  concentrations  of  sodium  iodid. 

The  experiments  were  conducted  on  the  isolated  frog  heart  suspended 
in  a  moist  chamber.  The  perfusing  fluids  were  supplied  by  reservoirs 
in  which  a  constant  pressure  was  maintained.  By  means  of  rubber 
tubes  these  were  connected  with  a  four-way  stopcock  conmiimicating 
with  a  cannula  in  the  venous  sinus.  The  heart  could  then  be  perfused 
with  any  of  the  fluids  contained  in  the  reservoirs.  For  a  detailed 
description  of  the  apparatus,  the  reader  is  referred  to  a  recent  publi- 
cation from  this  laboratory  (6).  Experiments  with  iodin  and  sodium 
iodid  were  also  carried  out  on  intact  animals,  alcohol — chloretone 
or  ether  anesthesia  being  used. 

The  results  of  our  observations  with  various  concentrations  of  iodin 
indicate  that  iodin  may  produce  disturbance  of  cardiac  activity. 
Heart  action  became  irregular,  relaxation  was  incomplete,  rate 
and  amplitude  varied.  Periods  of  normal  action  alternating  with 
these  changes  were  sometimes  also  observed.  With  stronger  solutions, 
complete  suspension  of  activity  occurred  and  lasted  one-half  to  one 
minute.  In  nearly  every  case,  depressing  after  effects  which  occasion- 
ally became  very  pronounced,  were  also  observed.  Some  of  these 
changes  could  be  induced  with  dilute  concentrations  of  iodin  even  in  the 
fresh  heart,  which  was  found  to  be  more  resistant  to  poisons  than  at 
later  stages  of  the  experiment. 
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BXPERIMBNTS  WITH   1 :  30,000  lODIN 

The  results  obtained  indicated  that  a  concentration  of  1 :  30,000  iodio 
may  cause  disturbance  of  heart  action,  but  the  effect  was  never  very 
pronounced  and  varied  considerably.  Thus,  in  one  experiment  in 
which  perfusion  with  iodin  lasted  two  minutes,  a  decrease  of  amplitude 
with  a  corresponding  increase  in  rate  were  observed  within  one-half 
minute  after  the  iodin  solution  began  to  ent«r  the  heart.  The  action 
of  iodin  in  the  other  experiments  showed  a  tendency  to  cause  dimin- 
ished activity  which  was  sometimes  preceded bystimulation.  Irregular 
heart  action  was  the  main  effect  produced  in  other  experiments  which 
appeared  within  three-fourths  to  two  and  one-fourth  minutes  after 
perfusion  was  begun.  Depressing  after  effects  were  frequently  observed 
(Gg8.  1  and  2). 

BXPEBIHENTS  WITH  1:  15,000  IODIN 

The  action  of  iodin  in  these  experiments  likewise  varied.  Iodin  in 
Ringer's  solution  and  0.06  per  cent  alcohol  caused  in  some  cases  a  de- 
crease in  rhythm,  amplitude  being  slightly  increased  at  the  same  time. 
Irr^^ilar  heart  action,  as  observed  with  more  dilute  solutionB  of  iodin, 
was  also  present,  but  was  more  pronounced.  This  is  shown  in 
figures  3  and  4  and  in  the  following  experiments  which  are  typical 
instances  of  the  behavior  of  the  heart  when  subjected  to  the  action  of  a 
solution  of  iodin  1 :  15,000. 

Frog  145  B.    Iodin  1: 15,000  pbbfusgd  fob  three  hinctbs 

About  forty-five  seconds  after  perfusion  was  begun,  the  frequency 
of  the  heart  diminished  for  about  one-half  minute,  while  the  force  of 
the  contractions  became  appreciably  greater,  a  tendency  to  incomplete 
relaxation  being  ol>aerved,  however,  at  the  sanle  time  as  after  every 
seventh  or  eighth  contraction  the  diastole  was  about  a  quarter  in 
extent  of  the  one  preceding  or  following  it.  Toward  the  end  of  the 
perfusion,  every  five  or  seven  contractions  were  separated  by  a  con- 
siderable interval  of  rest,  the  contractions  in  the  interim  being  regular, 
but  the  amplitude  steadily  decreased.  One  and  a  half  minutes  after 
perfusion  with  iodin,  the  heart  began  to  grow  weaker  until  the  con- 
tractions were  hardly  perceptible  four  minutes  later.  The  action  of 
iodin  when  used  in  this  concentration  was  sometimes  even  more  pro- 
noimced,  as  was  shown  in  the  following  case. 
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Frog  14s.  After  exposure  for  forty-five  seconds  only .  cardiac  activity 
was  reduced,  contractions  became  both  feeble  and  irregular.  Recovery 
was  prompt,  however,  when  iodin  was  discontinued.  After  a  second 
perfusion  for  two  and  one-half  minutes,  made  ten  minutes  later,  the 
effect  was  very  marked.  Examination  of  figure  4  will  show  that  heart 
action  was  reduced  about  one-third  within  half  a  minute  and  became 
irregular  during  the  rest  of  the  perfusion.  Pronounced  depression 
was  observed  after  iodin  was  discontinued. 

Experiments  were  also  carried  out  in  which  small  quantities  of  olive 
oil  were  added  to  the  Ringer-iodin  solution.  The  injury  caused  by 
iodin  was  much  less  marked  in  these  cases.     Thus,  although  depression 


fig.  5.  Frog  149.    Effect  of  1:15,000  iodin  in  Hioger-olive  oil  and  alcohol. 
Note  absence  of  irregularity  and  compare  with  figure  4. 

was  observed  in  one  experiment  in  which  the  duration  of  the  perfusion 
was  six  minutes  and  forty  seconds,  no  effect  could  be  noticed  during 
the  first  three  minutes.  In  another  experiment  in  which  perfusion 
with  iodin  lasted  four  minutes,  depression  appeared  one  and  one-half 
minutes  after  the  solution  entered  the  heart.  That  oUve  oil  and  iodin 
%re  antagonistic  was  shown  very  strikingly  in  several  cases  in  which 
the  perfusion  periods  were  much  shorter.  Thus  in  three  tests  performed 
on  two  specimens,  two,  three  and  one-fourth  and  three  minutes  were 
allowed  for  perfusion  with  iodin  and  olive  oil.  Little  or  no  depression 
occurred  during  the  exposure  to  this  combination  nor  were  after  effects 
observed.  There  was  on  the  contrary  distinct  stimulation  in  one  case 
(fig.  5). 
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EXPERIMENTS  WITH    1 :  10,000  lODIN 

Within  ODe-half  to  one  and  one-half  minutes  after  the  heart  was 
subjected  to  the  action  of  iodin  and  0.08  per  cent  alcoholic  Ringer's 
solution,  marked  disturbance  of  cardiac  action  appeared.  Force  and 
frequency  varied  under  its  influence.  Systole  was  either  moderately 
increased  or  diminished,  diastole  was  frequently  incomplete,  all  these 
changes  being  sometimes  observed  in  the  same  experiment.  In  some 
instances,  however,  the  action  of  iodin  was  not  very  marked.  When 
perfused  for  two  or  two  and  one-half  minutes,  irregularity  of  action 
lasting  about  one-half  minute  was  noticed  in  two  cases  toward  the  end 
of  the  experiment,  a  decrease  of  amplitude  and  increase  of  rate  being 
observed  in  a  third  experiment  after  one  and  one-fourth  minutes,  while 
moderate  increase  in  the  force  of  contraction  was  noticed  in  a  fourth 
case  after  the  same  interval  of  time.  Depressing  after  effects,  as  al- 
ready noted  with  more  dilute  solution,  were  more  frequent  when  the 
concentration  of  iodin  was  1: 10,000.  The  more  typical  action  of  the 
heart  when  perfused  with  such  a  solution  is  shown  in  the  following 
experiments: 

Frog  I U-  Perfused  threq  minutes  with  1:10,000  iodin  in  0.08 
per  cent  alcoholic  Ringer's  solution.  Within  less  than  half  a  minute 
heart  action  became  irregular,  periods  of  incomplete  relaxation  alter- 
nating with  those  of  increased  frequency.  For  two  and  one-half 
minutes  after  perfusion  with  iodin,  heart  action  was  normal,  but  a 
gradual  decrease  in  the  force  of  contraction  set  in  now.  Four  find  a 
half  minutes  later  the  amplitude  was  decreased  about  70  per  cent. 

Frog  IJ^l.  Perfused  six  minutes  with  iodin  in  0.08  per  cent  alcobohc 
Ringer's  solution.  Within  one  and  one-half  minutes  after  the  experi- 
ment with  iodin  was  begun,  heart  became  irregular,  frequency  fluctuated 
sometimes  being  greater,  sometimes  less,  than  before  iodin.  Incomplete 
relaxation  also  occurred  at  irregular  intervals.  A  short  period  of 
improvement  followed  after  iodin  was  discontinued,  but  force  and, 
frequency  soon  began  to  diminish,  heart  action  becoming  very  weak  in 
two  and  one-half  minutes. 

Frog  146.  Perfused  with  1 :  10,000  iodin  in  0.08  per  cent  alcohoUc 
Ringer's  solution.  About  half  a  minute  after  the  experiment  with 
iodin  was  begun,  irregularity  of  heart  action  preceded  by  a  brief  period 
of  increased  frequency,  was  observed.  Within  a  half  minute,  heart 
action  became  regular  once  more,  force  and  frequency  being  moderately 
increased  at  the  same  time     This  lasted  one  and  one-fourth  minutes 
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when  heart  action  became  irregular  again,  groups  of  contractiona  sepa- 
rated by  considerable  intervals  of  rest  being  observed.  The  perfuaioD 
lasted  four  minutes.  The  usual  depressing  after  effect  was  observed. 
Force  of  contractions  b^an  to  jjiminiBh  steadily  after  lodin  perfusion. 
Frog  ISS.  Perfused  two  minutes  with  iodin  in  alcoholic  Ringer's 
solution.  Within  one  and  one-half  minutes  after  the  experiment  was 
b^;un  the  amplitude  increased,  but  the  contractions  were  less  frequent. 
This  was  followed  by  a  period  in  which  the  frequency  and  force  of  the 
contractions  exhibited  considerable  variation.  The  heart  was  under 
observation  three  and  three-fourths  minutes  after  iodin  was  discon- 
tinued, but  no  depressing  after  effects  were  noticed.  Marked  effects 
were  also  observed  in  another  test  in  this  experiment  in  which  perfusion 


F^.  &.  Fng  ISS.  Iodin  1 : 5.000  in  alcoholic-Ringer's  and  olive  oil.  Irregular 
beart  action  of  abort  duration.    Compare  figure  7. 

with  1 :  10,000  in  alcoholic  Ringer's  solution  was  carried  out  for  one 
minute  only.  After  a  period  of  depression  lasting  two  minutes,  during 
which  heart  action  was  abolished  for  a  half  minute,  recovery  set  in. 

EXPERIMENTS  WITH    1:5,000   IODIN 

Two  series  of  experiments  were  carried  out  in  one  of  which  iodin 
was  dissolved  in  alcoholic  Ringer's  solution  while  the  other  also  con- 
tained oUve  oil.  The  beha\'ior  of  the  heart  in  the  two  cases  was  notice- 
ably different.  After  one  to  two  minutes  perfusion  with  the  iodin 
solution  without  olive  oil,  arrest  of  the  heart  in  diastole  was  observed 
in  two  cases  and  a  ver>'  marked  dei-rease  in  the  contractions  occurred 
in  the  third.  The  other  effects  such  as  irrefcular  heart  action  during 
perfusion  and  depression  when  ioitin  was  disooiitinurd  were  also  present, 
and  were   much   more   pronounced   th.'kii    in   experiments  in   which 
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weaker  solutioDB  were  used.  In  similar  tests  with  iodin  and  olive  oil, 
the  results  were  not  quite  the  same.  No  change  for  two  minutes  could 
be  noticed  in  one  case,  the  heart  suddenly  became  irregular,  but  recovery 
followed  in  less  than  half  a  minute.  Marked  effects  were  noticed  in 
experiments  on  two  other  specimens  perfused  for  one  and  one-half 
minutes  and  foiu-  and  one-half  minutes,  but  the  heart  never  came  to  a 
standstill. 

EXPEBDIENTS  WITH  BODIUU  IDDID 

Perfufflon  of  the  isolated  frog  heart  with  Ringer's  solution  to  which 
0.5,  1  and  2  per  cent  of  sodium  iodid  were  added  caused  depression 
which  increased  with  the  concentration  of  the  iodid.  This  was  due, 
however,  to  the  increased  osmotic  pressure  as  shown  in  control  tests 
with  Ringer's  solution  to  which  addition  of  equivalent  amounts  of 
sodium  chlorid  produced  similar  effects.  The  action  of  sodium  iodid 
was  also  tested  by  means  of  Ringer's  solution  is  which  the  sodium 
chlorid  was  either  partly  or  entirely  replaced  by  equivalent  amounts  of 
sodium  iodid,  the  composition  of  the  solutions  being:  NaCl  2.1; 
KCL0.075;CaCU0.1;NaHCO»0.05;NaI10.0gm8.orNaCl  was  entirely 
replaced  by  15.4  gms.  Nal  per  liter.  Perfusion  for  one  to  six  minutes 
with  either  of  these  solutions  produced  depression  of  amplitude  varying 
in  degree,  rate  being  seldom  affected  (see  figs.  9,  10).  Recovery  was 
almost  always  observed  when  perfusion  with  iodid  was  discontinued. 
In  a  smaller  number  of  cases,  however,  sodium  iodid  was  without 
any  effect. 

The  condition  of  the  heart  seemed  to  be  an  important  factor  in 
determining  the  action  of  iodid  since  we  often  noticed  marked  differ- 
ences in  the  reaction  of  the  fresh  heart  and  the  heart  that  bad  been 
perfused  for  some  time  and  thus  approached  a  hypodynamic  condition. 
As  shown  in  figure  9,  sodium  iodid  in  Ringer's  solution  perfused  soon 
after  the  heart  was  isolated  was  without  any  effect  but  the  same  treat- 
ment one  hoiu-  and  thirty-seven  minutes  later  caused  marked  depression . 
The  reaction  of  the  heart  to  sodium  iodid  which  was  added  to  Locke's 
solution  was  also  tested  in  a  number  of  experiments.  Macht  stated 
that  sodium  iodid  stimulated  heart  action,  force  and  frequency  being 
increased  according  to  his  records.  We  perfused  the  heart  with  a 
solution  made  up  as  follows:  NaCl  4.5;  KCI  0.42;  CaOt  0.24; 
NaHCOi  0.15;  dextrose  1.0;  Nal  11.5,  gma.  per  liter,  employed  by 
Macht,  or  NaCl  3.0  and  Nal  15.4  grams  per  Uter,  all  the  other  ingredi- 
ents being  the  same  in  both  solutions.    The  results  obtained  varied  con- 
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Fig.  9.  Frog  189.    A,   perfusion  of  the  fresh  heart  with  Ringer  iodid. 
perfusion  with  Ringer  iodid  one  hour  and  twenty-two  minutes  after  A. 


Fig.  10.  Frog  197.  Shows  the  reaction  of  thesame  heart  to  (A,)  Ringer  and  (S; 
Lockesolutionsin  which  the  same  amounts  of  sodium  iodid  (15.4  grams  per  liter) 
were  substituted  for  equivalent  amounts  of  sodium  chlorid. 
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siderably.  Depreeeion  of  amplitude  was  observed  in  some  experi- 
ments (figs.  lOB  and  12B),  in  others  frequency  was  markedly  increased 
(fig.  12A),  a  moderate  decrease  of  amplitude  bemg  present  at  the 
same  time.  In  a  third  group  of  cases,  force  as  well  as  frequency  were 
increased  (fig.  II,  A,  B).  Occasionally  the  heart  almost  faUed  to  react 
to  the  solution  (fig.  11,  C).  The  greater  resistance  of  the  fresh  heart 
was  also  frequently  noticed  in  experiments  with  solutions  of  Locke- 
iodide  as  shown  in  some  of  the  figures  to  which  reference  has  already 
been  made. 

DISCUSSION 

The  striking  difference  in  the  action  of  iodine  and  sodium  iodid 
observed  in  these  experiments  are  in  harmony  with  the  observations  of 
previous  investigators  on  the  toxicity  of  these  substances.  The  experi- 
ments of  Overton  (7)  and  those  of  Stockman  and  Charteris  (8)  have 
shown  that  molecular  iodin  is  much  more  toxic  than  its  sodium  salt. 
More  recently,  Adier  (9)  studied  the  influence  of  sodium  iodid  and  of 
various  organic  preparations  on  the  sexual  organs  of  the  rabbit.  His 
observations  show  that  the  alkali  iodides  are  less  injurious  than  organic 
iodin  preparations. 

An  explanation  of  the  action  of  iodin  compounds  bad  first  been  sought 
by  Oswald  Loeb  (10).  On  the  basis  of  his  experiments  with  potassium 
iodid  and  a  number  of  organic  preparations,  he  formulated  the  lipotropic 
theory  according  to  which  the  action  of  iodides  depends  on  their  solu- 
bility in  the  lipoids  of  the  tissues.  Support  was  given  to  it  later  by  the 
work  of  McLean  (11).  He  found  that  potassium  iodid  and  various 
oi^anic  prei>arations  when  brought  in  contact  with  liver  tissue  in 
vitro  or  when  administered  to  rabbit«,  are  absorbed  by  the  tissue  lipoids. 
This  would  not  explain,  however,  the  reaction  of  the  heart  to  iodin  and 
sodium  iodid  which  was  observed  in  the  present  investigations,  nor 
the  enonnous  difference  in  the  toxicity  which  has  been  demonstrated 
by  several  other  observers.  In  this  connection  the  investigations  op 
tissue  lipoids  made  within  recent  years  are  particularly  interesting. 
Erlandsen  (12)  isolated  from  the  heart,  a  substance  which  he  called 
cuorin,  containing  acids  of  the  linolenic  and  linoleic  groups  with  an 
iodin  number  of  130.1.  According  to  Leathes  (13)  the  lipins  of  the 
heart  contain  acids  which  are  highly  unsaturated.  The  formation  of 
addition  products  with  molecular  iodin  may  therefore  be  expected. 
The  more  stable  product  thus  formed  would  become  less  readily  avail- 
able for  cardiac  metabolism  since,  as  pointed  out  by  Dakin  (14),  the 
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saturated  fatty  acids  are  oot  oxidized  as  readily  as  the  unsaturated 
compoundB.  Indeed  it  is  conceivable  that  the  oleic  acid  radicle  may 
become  transformed  int»  a  more  stable  form  with  a  much  higher  melt- 
ing point  and  the  resulting  product  may  even  become  injurious.  The 
failure  to  reset  to  iodin  injected  into  dogs  intravenously  may  be  ex- 


Fig.  11.  Prog  185.  A,  BhowBstimulatingeffect  of  Locke  iodid  (Locke  No.  2,  4.& 
grtuns  N&Cl  per  liter  replaced  by  equivalent  amount  of  sodium  iodid).  B,  ooodi- 
tion  of  heart  after  seven  minutes  perfusion  with  Locke  iodid  and  recovery  when 
Locke  No.  1  (Locke  solution  without  iodid)  waa  perfused.  C,  frog  198,  shows  only 
slight  depression  caused  by  Locke  iodid  solution  (Locke  Holution  in  which  S  grams 
sodium  chloride  per  liter  was  replaced  by  an  equivalent  amount  of  sodium  iodid). 

plained  by  the  formation  of  a  similar  combination  with  the  lipins  of 
the  blood,  the  case  being  analagous  to  the  effect  of  iodin  when  olive 
oil  was  added  to  Ringer's  solution.  But  this  would  seem  to  be  con- 
tradicted by  the  results  obtained  in  cats.  It  may  be  recalled  that 
according  to  Abderhalden  (15),  the  lipin  content  in  the  blood  serum 
(^  these  animals  exclusive  of  cholesterin  is  about  half  that  in  the  serum 
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of  the  dog's  blood.  Moreover,  the  heart  being  more  active,  probably 
contains  acids  that  are  more  unsaturated  than  thoee  in  the  dog  heart. 
According  to  Leathes  (16),  the  more  misaturated  fatty  acids  are  found 
in  locations  of  more  active  metabolism.  Accordingly  the  fat  of  the  heart 
would  absorb  more  iodin  than  that  of  the  comiective  tissue.  Hence, 
the  more  rapid  the  cardiac  action,  the  more  unsaturated  the  fats 
contained  in  the  heart.  Thus  the  iodin  number  of  the  fat  obtained 
from  the  dog's  heart  is  70,  from  that  of  the  sheep  58. 


Fig.  12.  Frog  101.  Note  reaction  of  heart  to  Locke  iodid  (Locke  solution  id 
which  16.4  BTune  Nal  per  liter  replaced  equivalent  amountsof  sodium  chlorid.) 
A,  &t  the  beginaiiig  of  the  experimeot.    B,  one  hour  and  fifteen  minutea  after  A. 

The  action  of  sodium  iodid  on  the  frog  heart  is  more  difficult  to  explain. 
Iodin  in  the  ionic  state  does  not  enter  into  combination  with  the  un- 
saturated fatty  acids  in  a  manner  analagous  to  free  iodin.  There  is 
evidence,  however,  that  iodin  is  taken  up  from  potassium  iodid  by  the 
tissue  lipoids.  Although  the  experiments  of  Oswald  Loeb  (17)  failed 
to  show  its  presence  in  brain,  spinal  cord,  and  tissue  fat  after  the 
administration  of  potassium  iodid,  later  investigations  revealed  its 
presence  in  the  hpoids  of  various  organs  after  treatment  with  inorganic 
iodids.    Thus  Boruttau  (18)  found  iodin  in  the  brain  and  McLean  (19) 
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found  it  in  the  lipoids  of  the  liver  after  giving  potassinm  iodid  or  after 
adding  it  to  the  liver  in  rilro.  The  meebani&ni  in  this  caee  is  probably 
due  to  phyncal  action  between  the  lipoids  and  ionic  iodin. 

The  failure  to  produce  any  effect  on  the  drculatirai  after  the  intro- 
duction  of  large  amounts  of  sodium  iodid  may  be  accounted  for  in  part 
I7  rapid  elimination,  but  it  is  also  [Httbable  that  it  is  bound  in  some 
way  by  the  lipoids  of  the  blood,  thus  preveoting  its  action  on  the  heart 
and  blood  vesseb. 

SmOUBT  AND  CONCLtFBIONS 

Dilute  solutions  of  molecular  iodin  perfused  through  the  isolated 
liog  heart  produce  cardiac  irregularity  and  depreaeing  after  effects. 
After  more  concentrated  solutions,  heart  action  becomes  much  more 
irr^ular  and  the  heart  may  be  arrested  in  diastole.  The  after  effects 
are  also  more  pronounced.  The  presence  of  olive  oil  in  the  perfusion 
fluid  decreases  the  toxicity  of  iodin.  Marked  depression  of  the  cir- 
culation was  observed  in  cats  after  intravenous  injection  of  iodin, 
but  no  change  could  be  noticed  in  dc^  similarly  treated.  Sodium 
iodid  is  much  less  toxic  than  iodin.  A  solution  of  )  per  cent  sodium 
iodid  added  to  Ringa's  solution  perfused  through  tlie  frog  heart  pro- 
duced  slight  depression.  In  no  case  was  an  injurious  after  effect 
noted.  Sodium  iodid  injected  intravenously  into  cats  and  dc^  failed 
to  produce  any  effect  on  the  circulation  even  when  moderately  large 
doses  were  introduced  rapidly. 

It  is  suggested  that  the  action  of  molecular  iodin  is  due  to  formation 
of  additive  compounds  with  the  unsaturated  fatty  acids  present  in 
the  frog  heart.  The  action  of  iodin  on  the  circulation  of  (he  cat  might 
be  due  to  tbe  presence  in  the  heart  of  targe  amounts  of  imsaturated 
fatty  acids  or  perhaps  to  acids  that  are  more  unsaturated  than  those  in 
tbe  heart  of  the  dog  and  also  to  the  presence  of  smaller  amounts  of 
some  of  tbe  lipoids  in  tbe  blood  serum  of  the  cat  than  in  that  of  the  dog. 

Tbe  action  of  sodium  iodid  on  the  frog  heart  is  probably  due  to 
physical  action  with  the  hpoids  of  the  heart. 

Rapid  elimination  was  suggested  as  a  possible  cause  of  tbe  negative 
results  obtained  after  the  intravenous  administration  of  sodium  iodid 
to  cats  and  dogs. 
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Ringer'8  solutioD  in  which  the  sodium  chlorid  was  replaced  by  equiv- 
alent amounts  of  sodium  iodid  generally  produced  cardiac  depression. 
The  results  with  Locke's  solution  containing  the  same  amounts  of 
sodium  iodid  were  not  constant,  sometimes  stimulation  and  sometimes 
depression  being  observed,  while  in  some  cases  no  effect  on  the  heart 
could  be  noticed  as  a  result  of  the  same  treatment.  0.03  to  0.16  per  cent 
alcohol  in  Ringer's  solution  had  no  effect  on  the  fr<%  heart. 
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In  1912  Howell  (I)  reported  the  results  of  a  study  of  the  thrombo- 
plastic  action  of  the  tissues  in  which  he  showed  that  the  active  sub- 
stance is  a  pbosphatid  having  the  general  properties  of  cephalin.  The 
effect  of  solutions  of  this  phosphatid  upon  coagulation  is  very  striking 
and  it  has  been  shown  that  lecithin  prepared  according  to  the  customary 
methods  is  lacking  in  this  property.  The  identification  of  the  pbos- 
phatid rested  mainly  on  its  insolubihty  in  cold  alcohol  and  its- slight 
solubihty  in  hot  alcohol  and  the  possibility  was  recognized  that  the 
thromboplastic  action  might  be  due  to  some  adherent  impurity  rather 
than  to  the  phosphatid  itself.  At  the  suggestion  of  Dr.  Howell  I 
have  undertaken  a  re-examination  of  this  subject  to  determine  if  pos- 
sible  whether  the  thromboplastic  effect  may  be  attributed  to  an  im- 
purity, or  is  a  property  of  the  cephaUn  itself,  and  also  to  determine  io 
bow  far  a  similar  property  is  exhibited  by  other  related  phosphatids. 
The  phosphatids  which  have  been  examined  in  regard  to  their  throm- 
boplastic action  are  cephaUn,  lecithin,  sphingomyelin,  cuorin  and  hepar- 
phoaphatid. 

THE   UETHOD   OF   TESTING   THROUBDPLASTIC   ACTIVnT 

To  determine  thromboplastic  activity  a  method  was  employed  which 
has  been  in  use  in  this  laboratory  for  some  time  in  connection  with  other 
researches  on  coagulation.  The  method  rests  upon  the  fact  that  in 
fresh  serum  the  amount  of  actual  or  effective  thrombin  is  small,  but 
the  amount  of  ineffective  thrombin  is  relatively  large.  This  metathrom- 
bin  may  be  converted  to  active  thrombin  by  Morawitz's  (2)  method 
of  adding  alkali  with  subsequent  neutralization.  But  it  can  also  be 
activated  to  effective  thrombin  by  the  addition  of  thromboplastic 
extracts,  especially  solutions  of  cephalin,  provided  the  serum  is  per- 
fectly fresh.  As  the  serum  stands  the  activating  effect  of  the  cephalin 
becomes  less  marked  and  finally  disappears  entirely  after  a  certain 
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variable  time.  Long  after  cepbalin  activation  has  ceased  entirely 
the  alkali  activatioD  is  still  effective.  This  activating  effect  of  cephalin 
on  fresh  Benim  was  used  in  the  following  way.  Fresh  Berum  and  fresh 
ozalated  and  centrifugalised  plasma  were  prepared  from  the  same 
animal.  By  trial  the  amount  of  serum  was  determined  which  would 
cause  clotting  of  a  definite  amount  of  plasma  within  a  time  convenient 
for  observation — say  thirty  minutes  to  two  hours.  The  thrombo- 
plastic  activity  of  cephalin  or  any  other  solution  under  observation 
was  determined  by  adding  it  to  the  serum  and  noting  the  acceleration 
in  the  clotting  time.  Ordinarily  the  serum  of  dogs  and  cats  was  used 
and  the  proportions  taken  were  two  or  three  drops  of  serum  to  eight 
drops  of  plasma.  With  these  proimrtions  clotting  occurs  usually  in 
from  30  minutes  to  2  hours,  but  if  to  the  mixture  one  adds  a  solu- 
tion of  cepbalin  or  a  saline  extract  of  fresh  tissue  clotting  occurs 
promptly  in  from  30  seconds  to  2  or  3  minutes.  The  tests  were  car- 
ried out  according  to  the  following  example: 

Cimlrol— Oxalsted  plasma,  8  drops;  serum,  3  drops;  water,  3  drops.  Clot  forms 
in  from  30  minutes  to  2  hours  and  usually  the  clot  is  imperfect. 

Solution  to  6e  UsUd;  e.g.,  solution  of  cephalin— Oxalated  plaama,  8  drops; 
serum,  3  drops;  ceph&lia  solution,  3  drops.  A  solid  clot  forms  in  one  minute 
plus  or  minus. 

In  all  of  the  experiments  the  solutions  of  the  purified  phosphatids 
were  compared  not  only  with  a  control  of  plasma,  serum  and  water, 
but  also  with  a  control  made  up  with  an  incompletely  piuified  but  very 
active  preparation  of  cephalin  made. from  the  pig's  brain.  This  form 
of  cephalin  is  now  used  constantly  in  the  laboratory  for  experimental 
and  therapeutical  purposes  and  for  brevity's  sake  is  designated  in  the 
following  experiments  as  "laboratory  cephalin."  Its  mode  of  prepara- 
tion is  as  follows: 

PBEFARATtON   OF  LABOBATORT  CEPHALIN 

A  fresh  brain  obtained  from  the  slaughter  house  is  freed  as  far  as 
possible  from  membranes  and  blood  and  is  then  ground  to  a  pulp  in 
a  mortar. .  The  pulp  is  spread  as  thin  as  possible  on  a  glass  plate  and 
dried  in  a  current  of  warm  air.  When  thoroughly  dry  the  material 
is  ground  to  a  powder  and  is  extracted  for  4  or  5  hours  with  an  excess 
of  ether.  The  ether  solution  is  filtered  off  in  a  closed  space  and  is 
passed  through  the  filter  paper  two  or  more  times  imtil  the  filtrate 
comes  through  clear.    The  ether  filtrate  is  allowed  to  evaporate  in 
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a  current  of  cool  air  to  a  moist  residue.  The  residue  is  extracted 
twice  with  an  excess  of  acetone  for  15  to  20  minutes  and  then  twice 
with  an  excess  of  95  per  cent  alcohol.  Finally  the  residue  b  treated 
again  with  acetone,  the  acetone  drained  off,  and  the  material  dried  in 
a  desiccator.  In  using  the  eephalin  for  thromboplastic  experiments 
a  0.1  per  cent  solution  is  made  up  in  distilled  water. 

CEFHALIN    FRBPABED   BT   THE  METHOD    OF   HENALL 

Cephalin  was  prepared  according  to  the  modification  of  Paraas's 
(3)  method  proposed  by  Renall  (4),  and  by  which  be  states  that  a  yield 
of  very  pure  cephalin  may  be  obtained.  Fresh  pig's  brains  obtained 
from  a  slaughter  house  are  carefully  freed  from  membranes  and  blood; 
then  macerated  in  a  mortar  to  a  fine  pulp.  This  pulp  is  placed  directly 
nto  three  times  its  volume  of  acetone  for  a  day,  with  occasional  shaking. 
The  acetone  extract  is  centrifugalized  off  and  the  same  amount  of 
fresh  acetone  added  to  the  residue.  After  remaining  a  day  in  this 
acetone  and  being  subjected  to  occasional  shaking,  the  insoluble  por- 
tion is  centrifugalized  away  from  the  acetone  solution.  The  residue 
is  shaken  for  an  hour  with  cold  absolute  alcohol  and  the  insoluble 
portion,  after  removal  of  the  alcohol,  is  treated  twice  with  three  times 
its  volume  of  petroleum  ether  of  low  boiling  point  (used  instead  of 
ethyl  oxide  to  prevent  a  certain  amount  of  oxidation  which  is  liable 
to  occur  with  the  use  of  ordinary  ether) .  The  petroleum  ether  extracts, 
which  are  colorless  or  of  a  lemon  yellow  tinge,  are  concentrated  in  an 
atmosphere  of  carbon  dioxide  and  precipitated  by  pouring  into  abso- 
lute alcohol.  The  cephalin  >aUs  as  a  white  flocculent  precipitate,  which 
when  dry  has  a  white  waxy  appearance  and  forms  with  water  an  opales- 
cent solution  resembling  that  of  laboratory  cephalin.  It  possesses 
very  active  thromboplastic  power  as  is  shown  in  the  following  experi- 
ment. 

Dog'a  ocalaled  pUuma  and  dog't  teram 
(/(ttV— Plums,  8  drops;  cephalin,  2  drops;  aerum,  2  drops. 
Control — Plasma,  8  drops;  water,  2  drops;  serum,  2  drops. 

ReDall's  cephalin good  clot    1}  min. 

Laboratory  cephalin solid  clot    1    min. 

Control no  clot  in  30  min. 

To  the  precipitate  obtained  above  cerebrosides  are  adherent  as  im- 
purities. They  are  removed  by  redissolving  the  precipitate  in  petroleum 
ether  and  allowing  the  solution  to  stand  over  night  in  the  cold.  The 
cerebrosides  settle  out  and  by  centrifuging  are  separated  from  the 
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solution.    They  are  washed  with  ether  and  dried.    When  tested  in 
aqueous  solution  for  thromboplastic  activity  they  were  found  to  be 
wholly  negative.    The  petroleum  ether  solution  is  concentrated  and 
poured  into  absolute  alcohol — the  cephalin  is  precipitated  as  a  white 
amorphous  and  somewhat  waxy  mass,  which  after  drying  is  made  up 
into  a  thin  emulsion  with  water  and  precipitated  with  normal  hydro- 
chloric acid.    The  acid  is  added  to  the  emulsion  until  a  good  cheesy 
precipitate  is  obtained,  which  settles  to  the  bottom  of  the  container. 
It  is  collected  by  centrifugalization,  taken  up  in  a  little  ether  and  pre- 
cipitated with  acetone  and  dried.    It  forms  an  opalescent  solution 
in  water  which  upon  trial  shows  marked  thromboplastic  activity  as 
is  indicated  in  the  following  typical  experiments: 
Dog't  oxalaUd  pla*ma  and  serum 
Seriu  I.  Uvinn — Plsama,  8  drops;  cephalin,  3  drope;  Benim,  3  dropi. 
Control — Plaama,  8  drops;  water,  3  drops;  serum,  3  drops- 

Renall's  cephalin good  clot    2  min.,    25  sec. 

Laboratory  cephalin solid  clot    2  min.,   46  sec. 

Control poor  clot    2  hours,  15  min. 

Seriet  II.  Utinff—PUiantA,  8  drops;  cephalin,  2  drops;  Mrum,  2  drops. 
Control — Plaama,  S  drops;  water,  2  drops;  serum,  2  drops. 

Renall's  cephalin good  clot    3  min. 

Laboratory  cephalin solid  clot    1  min. 

Control minute  clot  infimin.    not  solid  in  30min. 

Thus  purified  cephalin  prepared  with  a  view  to  the  prevention  of 
oxidation  and  to  the  removal  of  adherent  impurities  possesses  thrombo- 
plastic activity  to  a  marked  degree. 

CEPHALIN   PREPABED   BT   THE   IfET&OO    OF  LEVENE   AND   WEST 

Through  the  kindness  of  Dr.  Levene  a  specimen  of  this  cephalin 
was  furnished  in  order  to  test  its  thromboplastic  action.  The  mode 
of  preparation  of  the  specimen  is  described  by  the  authors  (5)  and  it 
will  be  remembered  that  in  the  quantitative  hydrolysis  made  by  them 
only  90  per  cent  of  the  original  weight  of  material  was  obtained  in  the 
hydrolytic  products.  The  authors  therefore  consider  the  possibility 
that  the  material  contained  some  impurity.  The  sample  furnished  had 
been  precipitated  by  hydrochloric  acid  from  aqueous  solution  and  after 
treatment  with  an  organic  solvent  was  finally  obtained  in  the  form 
of  a  dry  powder.  When  this  powder  was  dissolved  in  water  the  solu- 
tion exhibited  marked  thromboplastic  activity  as  is  shown  in  the 
following  typical  experiment. 
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Cai'*  oxalaUd  pkuma  and  cat'*  a«rum 
Uting — Plasma,  8  drope;  oephalia,  3  drops;  aeruin,  3  drops. 
Control — Plasma,  8  drops;  water,  3  drops;  serum,  3  drops. 

CephaliQ — Leveoe  and  West solid  clot    75  seo. 

Laboratory  cephalin solid  clot    40  eec.    • 

Control poor  clot      1  hour,  30  seo. 

CEPttALIN  AND  CUORIN  PRBPABBD  FBOH  THE  HEART 

Erlandsen  (6)  as  a  result  of  an  extended  research  upon  the  lipoids 
of  the  heart  came  to  the  conclusion  that  there  is  no  oephalia  in  heart 
muscle,  but  in  its  place  he  discovered  a  monoamino-diphosphstid 
related  to  cephalin  which  he  called  cuorin.  To  determine  if  this  sub- 
stance had  any  thromboplastic  effect  a  quantity  was  prepared  for 
trial  according  to  the  following  method  as  given  by  Erlandsen: 

Ox  heart  is  freed  from  fat,  blood  vessels,  peri-  and  endocardium  and 
valves,  ground  in  a  meat  grinder  and  spread  upon  glass  plates  to  dry, 
then  ground  to  a  powder  and  desiccated  over  sulphuric  acid  or  calcium 
chloride.  The  powdered  mass  is  extracted  with  ether  at  room  temper- 
ature, with  a  frequent  change  of  the  ether  until  all  of  the  ether  soluble 
material  is  removed.  These  extracts  are  united  and  concentrated 
to  a  syrup,  then  taken  up  in  a  little  ether  and  allowed  to  stand.  An 
insoluble  fraction  settles  out;  it  is  centrifugalized  off  and  discarded. 
The  ether  solution  is  repeatedly  precipitated  with  dry  acetone  and  then 
with  cold  absolute  alcohol  (zero  to  minus  2°).  This  last  precipitate 
is  a  dark  brown  sticky  mass  which  upon  dissolving  in  ether  and  pre- 
cipitating with  alcohol  is  divisible  into  two  substances — one  insoluble 
in  alcohol  at  60°,  the  cuorin  a  light  brown  powder,  and  the  other  appre- 
ciably soluble  in  alcohol  at  60°,  a  substance  having  the  general  proper- 
ties of  cephalin.  This  cephalin  was  recovered  from  the  united  alco- 
holic extracts,  which  were  concentrated,  precipitated  with  acetone, 
taken  up  in  a  little  ether  and  precipitated  by  pouring  into  alcohol  to 
free  from  lecithin.  This  precipitate  resembles  laboratory  cephalin, 
having  the  same  fish-like  odor,  and  is  shown  to  be  as  active  thrombo- 
plastically  as  the  laboratory  cephalin. 

Cat's  oxalated  plaxma  and  eat'»  serum 
(/Mnjf— Plasma,  8  drops;  cephalin,  3  drops;  serum,  3  drops. 
Control — Plasma,  8  drops;  water,  3  drops;  serum.  3  drops. 

Heart  cephalin solid  clot    37  sec. 

Laboratory  cephalin solid  clot    3?  seo. 

Control — not  clotted  in  1  hour clotted  over  night 
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The  cuorin,  on  the  contrary  when  purified  by  repeated  precipitation 
in  alcohol  at  60°,  has  no  thromboplastic  effect — indeed  it  possesses  an 
anticoagulating  power  as  may  be  illustrated  by  the  following  experiment. 

Dog's  ozalated  platTna  and  dog'*  lerum 
Using — Plasma,  8  drops;  phoaph&tid,  3  drops;  serum,  3  drops. 
Control — Plasma,  8  drops;  water,  3  drops;  serum,  3  drops. 

Heart  cephalin solid  clot    3  min. 

Cuoria not  clotted  in  6  hours 

Control sliding  clot  is  9  min. 

Cuorin  added  to  blood  fresh  from  the  artery  will  delay  its  coagula- 
tion remarkably.  These  two  phosphatide  from  the  heart  have  prac- 
tically the  same  solubilities,  they  pass  through  repeated  processes  of 
extraction  together  and  in  the  final  stages  are  only  separated  from  each' 
other  by  the  solution  of  the  cephalin  in  alcohol  at  60°.  It  is  unlikely 
that  an  impurity  would  adhere  to  one  of  these  phosphatids  and  not 
to  the  other. 


CEPHALIN   AND   HEPARPHOSPHATID    PREPARED   FROM  THE   LIVER 

Baskoff  (7),  in  his  work  on  the  phosphatids  of  the  liver,  undertaken 
primarily  forthestudy  of  the  jecorin  described  by  Drechsel  (8), succeeded 
in  isolating  a  phosphatid  which  resembles  cuorin,  except  that  analysis 
shows  a  N  :P  ratio  of  1 :1.5  instead  of  1 :2.  To  this  phosphatid  he  gave 
the  name  of  hcparphosphatid.  In  my  experiments  the  liver  was  worked 
up  according  to  BaskofT's  method  for  obtaining  heparphosphatid, 
which  is  practically  the  same  treatment  to  which  Erlandsen  subjects 
the  heart  muscle  in  order  to  secure  his  cuorin.  The  final  sul>&t  nee 
insoluble  in  cold  alcohol  was  further  divided  into  a  fraction  insoluble 
in  alcohol  at  60°  which  resembles  cuorin  and  constitutes  BaskoEF's 
heparphosphatid,  and  a  portion  soluble  in  alcohol  at  60°  which  is 
apparently  identical  with  cephalin.  When  the  latter  was  recovered 
from  the  alcoholic  solutions  as  in  the  case  of  the  cephalin  of  the  heart, 
it  had  all  of  the  general  properties  of  cephalin  including  the  power  to 
hasten  the  coagulation  of  blood  as  is  shown  in  this  experiment. 

(/ti'ntf— Plasma,  8  drops;  cephalin,  3  drops;  serum,  3  drops. 
Control — Plasma,  8  drops,  water,  3  drops;  serum,  3  drops. 

Liver  cephalin solid  clot    1|  min. 

Laboratory  cephalin solid  clot    1}  min. 

Control not  clotted  in  1  hour  and  45  min. 
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The  heparpbosphatid  on  the  other  band  when  purified  by  many 
precipitations  in  alcohol  at  60°  has  no  tbromboplastic  action  and  in 
fact  shows  a  marked  power  to  inhibit  the  coagulation.  The  anticoaguta- 
ting  action  of  this  pbosphatid  is  being  studied  and  will  be  reported 
upon  later.  Cuorin  and  heparphosphatid  when  dry  have  no  odor, 
but  when  moist  with  warm  alcohol  have  a  characteristic  odor  common 
to  both.  It  is  possible  that  on  further  purification  the  heparphosphatid 
may  be  shown  to  be  identical  with  cuorin. 

THE  ACTION  OF  SPHINOOHTELm 

Sphingomyelin  is  assumed  to  be  a  diamino-monophospbatid;  it  is 
insoluble  in  ether  and  alcohol.  In  the  process  of  extracting  organs  for 
phospbatids  some  may  be  carried  along  with  the  soluble  pboapbatids 
but  separates  out  later  from  the  etberal  solutions  together  with  their 
cerebrosides.  The  impure  cerebrosides  as  previously  mentioned  were 
found  to  possess  no  tbromboplastic  action.  By  the  kindness  of  Dr. 
Levene  a  specimen  of  sphingomyehn  was  obtained.  When  tested  by 
the  usual  method  it  was  found  to  have  no  tbromboplastic  activity. 

THE   ACTION   OF  LECITHIN    PREPABED    BT  THE   UETHOD   OF  UacLEAN 

Howell  (1)  showed  clearly  that  lecithin  as  customarily  prepared 
from  the  brain  and  from  the  yolk  of  egg  exhibits  no  tbromboplastic 
action.  At  that  time  there  was  no  satisfactory  method  for  the  ab- 
solute separation  of  lecithin  from  cephalin,  for  cephalio  though  rela- 
tively insoluble  in  alcohol  is  quite  soluble  in  an  alcoholic  solution  of 
lecithin.  Therefore  in  precipitating  an  ether  solution  of  lecithin  and 
cepbalin  a  certain  amount  of  the  cephalin  remains  in  solution  with  the 
lecithin.  Or  if  the  original  extract  of  the  tissue  is  made  with  alcohol 
much  cephalin  will  go  into  solution  with  the  lecithin.  MacLean  (9) 
has  shown  that  "lecithin"  as  customarily  prepared  can  always  be  sepa- 
rated into  true  lecithin,  which  has  all  of  its  base  as  choline  and  into 
cephalin  with  its  amino  ethyl  alcohol  base,  together  with  other  im- 
purities. He  has  -devised  a  method  fully  described  in  his  article  by 
which  he  has  obtained  lecithin  with  all  of  its  base  as  choline.  The 
method  involves  the  formation  of  the  cadmium  compounds  of  lecithin 
and  cephalin  from  the  alcoholic  solution  of  these  phosphatids  as  ob- 
tained from  the  egg  yolk.  The  separation  is  made  on  the  basis  of  the 
insolubihty  of  the  lecithin  cadmium  chloride  compound  in  ordinary 
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ether,  the  cephalin  cadmium  compound  being  soluble.  Pure  lecithin 
is  recovered  from  the  cadmium  compoimd  by  boiling  with  ammonium 
carbonate  after  the  manner  recommended  by  Bei^U  (10).  Lecithin 
prepared  by  this  method  when  tested  in  the  usual  manner  exhibited 
DO  tbromboplastic  activity.  Attempts  made  to  recover  the  cephalin 
from  its  cadmium  compound  were  unsuccessful. 

CONCLDSIONS 

1.  Cephalin  when  prepared  as  pure  as  possible  exhibits  marked 
tbromboplastic  activity,  as  indicated  by  its  effect  in  increasing  the 
thrombic  action  of  fresh  serum. 

2.  Cephalin  exhibiting  this  reaction  has  been  prepared  from  the  liver, 
heart  and  brain. 

3.  The  other  phosphatids  that  have  been  described,  lecithin,  cuorin, 
heparphospbatid  and  sphingomyelin  have  no  tbromboplastic  action. 

4.  Evidence  is  presented  to  show  that  this  property  of  cephalin  is 
not  due  to  adherent  impurities,  but  is  a  characteristic  property  of  the 
cephalin  itself. 
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Alcohol  has  been  commonly  considered  the  most  quickly  available 
nutriment.  That  it  is  absorbed  very  rapidly  from  the  alimentary  tract 
into  the  blood,  especially  "on  an  empty  stomach,"  is  easily  evident 
to  one  who  has  watched  the  early  appearance  of  psychical  symptoms 
after  alcohol  is  taken.  One  reason  for  its  early  absorption  is  due  to 
an  appreciable  proportion  being  absorbed  in  the  stomach;  Nemser  (1) 
in  a  dog  found  20  per  cent  of  the  alcohol  given  was  so  absorbed. 

As  the  respiratory  quotient  offersameansof  recognizing  when  alcohol 
displaces  in  whole  or  in  part  the  other  nutriments  burned  in  the  body, 
I  have  endeavored  to  find  out  with  men  how  soon  after  taking  alcohol 
(30  cc),  appreciable  amounts  of  it  are  being  burned.  I  have  further 
extended  the  work  to  include  similar  experiments  with  the  more  com- 
mon sugars,  glucose,  levulose,  sucrose,  lactose  and  maltose. 

The  different  materials  utilized  by  the  body,  if  burned  alone,  give 
the  following  combustion  or  respiratory  quotients:  carbohydrate,  l.OO; 
protein,  0.81;  fat,  0.71;  whil^  the  respiratory  quotient  of  alcohol  is 
0.667.  Commonly,  the  respiratory  quotient  of  a  normal  subject,  twelve 
hours  after  taking  food,  varies  from  0.75  to  0.90  accordingto  the  varying 
proportions  of  fat  and  carbohydrates  available  and  utiUzed  in  the 
body.  If  alcohol  be  taken,  the  respiratory  quotient  is  lowered  by  rea- 
son of  the  substitution  of  some  of  the  carbohydrate  and  probably  also 
of  the  fat  by  alcohol  in  the  material  kataboUzed.  Table  1  shows  the 
average  drop  in  the  respiratory  quotients  in  a  large  number  of  experi- 
ments made  by  me  on  men  at  the  Nutrition  Laboratory  during  the  first 
two  or  three  hours  after  alcohol  was  taken. 

It  may  be  noted  in  the  table  that  the  higher  the  initial  respu-atory 
quotient,  the  larger  the  fall  after  alcohol;  thus  either  a  lai^r  amount 
of  alcohol  is  katabolized  to  displace  the  other  nutriments,  or  the  alcohol 
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TABLE  1 

Average  retpiralory  qvolienU  following  the  giving  0}  SOee.  of  alcohol 


."""■"r:;i^1.'^,.""" 

""■rv^o^',^"oT  "™ 

»»o....«^,„. 

0.90 
0.85 
0.80 

0.805 
0.795 
0.775 

0.095 
0.055 
0.025 

shows  8  preference  to  displace  a  greater  proportion  of  carbohydrate 
than  fat,  when  the  initial  quotient  is  high. 

In  this  study,  the  respiratory  quotients  were  obtained  by  the  method 
of  Tissot  (2)  the  gas  analyses  being  made  on  the  portable  Haldane  appa- 
ratus (3),  A  mouthpiece  with  Tissot  valves  was  used.  The  rubber 
tubing,  joining  the  expiratory  valve  with  the  spirometers,  was  made  as 
short  as  possible  (air  content  200  cc),  passing  to  a  T-stopcock  so  that 
the  expired  air  could  be  instantly  changed  from  one  spirometer  to  an- 
other. In  order  to  find  as  closely  as  possible  the  time  when  a  change 
in  the  respiratory  quotient  occurred,  the  individual  periods  for  the  first 
fifteen  minutes  following  the  taking  of  the  alcohol  or  sugar  were  of  three 
to  five  minutes  duration. 

The  routine  of  the  experimenting  when  alcohol  was  given  was  as 
follows.  The  subject  came  to  the  laboratory  at  about  8.00  a,m.,  hav- 
ing had  no  breakfast.  He  lay  quietly  on  a  couch  for  at  least  thirty 
minutes.  Then  two  or  three  respiratory  experiments  were  made  with 
the  Tissot  apparatus,  each  of  about  ten  minutes  duration,  to  obtain  the 
normal  respiratory  quotient  of  the  morning.  The  subject  then  sat  up 
for  a  few  seconds  and  drank  as  a  control  about  200  cc.  of  cold  cereal 
coffee.  The  subject  lay  down  again  and  respiration  experiments  be- 
gan as  soon  as  possible;  these  covered  periods  from  1  to  4,  from  4  to  7, 
from  7  to  10,  and  from  10  to  15  minutes  after  the  coffee  was  taken. 
After  ten  minutes  intermission,  there. was  another  period  of  ten  min- 
utes. Then  a  mixture  of  cereal  coffee  and  30  cc.  absolute  alcohol,  the 
total  equalhng  200  cc,  was  drunk  and  similar  experiments  made 
after  the  alcohol  as  before.  The  control  experiments  were  to  note  if 
taking  liquid  of  itself  affected  the  quotient. 

The  results  of  the  experiments  with  alcohol  are  given  in  table  2. 
Eight  experiments  were  made  with  five  subjects.  The  taking  of  the 
liquid,  both  the  alcohol  and  the  control  solution,  caused  an  immediate 
rise  in  the  quotient  with  all  the  subjects  except  E.  It  was  especially 
marked  in  subject  A  where  an  average  quotient  of  over  1.00  was  ob- 
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tabled  in  the  first  to  fourth  minute  regardless  of  whether  alcohol  or 
cereal  coffee  had  been  taken.  So  in  fixing  the  exact  time  when  alcohol 
begins  to  play  a  prominent  enough  part  in  the  metabolism  to  lower  the 
respiratory  quotient,  it  is  necessary  to  compare  the  control  and  alcohol 
experiments.  This  rise  in  the  quotient  was  probably  due  to  a  stimu- 
lation of  the  respiratory  center  of  short  duration  (with  a  resulting 
pumping  out  of  carbon  dioxide  from  the  body)  induced  by  the  taking 
of  hquid. 

With  subject  A,  a  distinct  lowering  of  the  respiratory  quotient  did 
not  occur  imtil  the  tenth  to  the  fifteenth  minute  after  alcohol  was  given ; 
with  subjects  B  and  D  a  similar  period  was  necessary;  subject  C  showed 
a  lowered  quotient  in  the  seventh  to  the  tenth  minute,  while  with  sub- 
ject E  one  finds  a  marked  lowering  as  early  as  the  fourth  to  the  seventh 
minute.  Thus  one  may  observe  that  the  time  between  the  taking  and 
the  beginning  of  combustion  of  alcohol  varies  with  different  subjects; 
with  some  subjects  the  combustion  may  begin  4  to  7  minutes  after 
taking  alcohol,  and  varies  with  others  up  to  10  to  15  minutes,  by  which 
time  all  the  subjects  observed  gave  evidence  of  burning  alcohol. 

When  sugar  is  fed,  it  replaces  fat  and  protein  in  the  katabolism,  and 
in  consequence  one  finds  a  rise  in  the  respiratory  quotient.  Sugars 
thus  afford  one  an  opportunity,  in  the  same  way  as  alcohol,  of  finding 
how  soon  after  taking  they  begin  to  be  burned  in  appreciable  amount 
in  the  body.  In  interpreting  an  increased  respiratory  quotient,  when 
carbohydrate  is  given,  one  is  forced  however  to  admit  the  possibility 
that  the  rise  is  due  wholly  to  the  conversion  of  carbohydrate  into  fat 
unaccompanied  by  an  actual  combustion  of  the  carbohydrate. 

Therefore,  experiments,  similar  in  nature  to  those  with  alcohol,  were 
made  on  one  subject  (E)  who  alone  had  shown  no  change  in  the  respir- 
atory quotient  after  the  control  solutions,  to  obtain  data  as  to  the 
rapidity  with  which  various  sugars — glucose,  levulose,  sucrose,  maltose 
and  lactose — began  to  be  burned  in  sufficient  quantities  to  displace 
other  material  and  thus  affect  the  respiratory  quotient.  The  plan  of 
experimenting  was  the  same  as  with  alcohol,  except  that  control  experi- 
ments were  not  made  on  the  same  day  as  the  sugar  experiments  and 
that  more  experimental  periods  each  day  were  made  after  sugar  was 
given  than  after  alcohol.  One  hundred  grams  of  the  sugar'  was  made 
up  with  water  and  cereal  coffee  to  about  300  cc.  and  could  be  drunk 

'  An  amount  of  sugar  (about  45  grams)  igodynamio  to  the  25  grams  of  alcohol 
would  doubtless  have  been  preferable. 
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quite  easily  and  rapidly  by  the  subject;  generally  about  25  to  50  cc.  of 
water  was  taken  immediately  afterwards  to  remove  the  excessively 
sweet  taste  from  the  mouth.  The  results  of  the  experiments  are  given 
in  table  3  and  the  respiratory  quotients  are  plotted  in  figure  1. 

The  rise  in  the  respiratory  quotient  after  levulose  and  sucrose  is  dis- 
tinctly rapid,  being  very  marked  even  as  early  as  the  fourth  to  the 
eighth  minute.  There  is  a  rapid  rise  also  with  lactose,  but  not  to  so 
marked  a  degree.  With  glucose  and  maltose,  the  definite  rise  in  quo- 
tient does  not  occur  until  the  twentieth  to  the  thirtieth  minute  after 
the«ugar  was  taken,  although  there  is  a  small  rise  with  maltose  a  little 
earlier. 

That  maltose  behaves  so  similarly  to  gtubose  is  tobe  expected  from 
its  being  a  disaccharide  made  up  of  two  molecules  of  glucose.  Sucrose 
on  hydrolysis  breaks  down  to  give  one  molecule  of  levulose  and  one  of 
glucose;  probably  it  is  its  levulose  content  which  causes  the  rapid  rise  in 
the  respiratory  quotient.  Lactose,  giving  galactose  and  glucose  on 
hydrolysis,  similarly  seems  to  owe  ita  rapid  metabolism  to  the  galactose 
rather  than  the  glucose  moiety  of  the  molecule. 

This  difference  in  action  of  levulose  and  glucose  is  quite  in  agreement 
with  the  finding  of  Togel,  Brezina  and  Durig  (4) ;  they  made  respiration 
experiments  with  these  two  sugars  and  found  that  the  respiratory  quo- 
tient showed  a  rise  earlier  after  the  levulose  than  the  glucose.  Another 
interesting  finding  in  their  experiments — namely  the  uniformly  higher 
quotient  after  levulose  than  after  dextrose — appears  likewise  in  table 
3.  These  workers  concluded  that  levulose  is  more  easily  converted  to 
fat  by  reason  of  its  respiratory  quotient  being  so  often  above  1.00,  In 
this  respect  also.  Table  3  shows  that  cane  sugar  behaves  similarly  to 
levulose  and  maltose  to  dextrose.  With  subject  E,  lactose  yielded  a 
higher  respiratory  quotient  than  dextrose,  and  produced  a  similar  re- 
sult with  another  subject  at  the  Nutrition  Laboratory;  but  with  three 
others  lactose  led  to  a  respiratory  quotient  no  higher  than  that  ordi- 
narily found  with  dextrose.  Lusk  (5)  has  found  little  or  no  rise  in  the 
respiratory  quotient  after  giving  lactose  to  dogs. 

These  results  with  the  sugars,  although  made  upon  but  one  subject, 
are  substantiated  in  practically  every  detail  except  as  above  noted  with 
lactose  by  a  number  of  unpublished  experiments  made  in  another  con- 
nection by  Mr.  L.  E,  Emmes  and  myself  at  the  Nutrition  Laboratory 
under  the  direction  of  Dr.  F,  G.  Benedict,  and  thus  make  it  clear  that 
there  is  a  fundamental  and  distinct  difference  in  the  metabolism  of  the 
various  sugars  in  man  and  that  from  a  nutritional  point  of  view  one 
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must  recognize  the  possible  necessity  of  differentiating  between  them  in 
their  action  and  use.  One  might  say  in  brief  that  levnlose  and  some- 
times galactose,  judging  from  the  respiratory  quotient,  shows  a  tendency 
or  preference  to  change  to  fat  in  the  body,  while  glucose  tends  to  change 
to  glycogen  and  be  stored  as  such. 

A  study  of  figure  1  shows  clearly  that  levulose,  sucroae,  probably 
lactose  and  possibly  maltose  give  indications  by  the  respiratory  quo- 
tients of  being  metabolized,  and  in  all  probabihty  burned  by  the  fourth 
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Hinutes  after  Taking  Substance 
Fig.1. 

to  the  seventh  minute  after  ingestion  "on  an  empty  stomach,"  which 
is  quite  as  rapidly  as  alcohol  in  the  same  subject  and  much  qtucker  than 
alcohol  in  four  other  subjects.  Although  alcohol  is  no  sooner  available 
as  a  food,  that  it  will  be  burned  in  preference  to  sugar  when  the  two  are 
taken  together  has  been  shown  by  T^el,  Brezina  and  Durig  (4). 


1.  By  determination  of  respiratory  quotients  in  periods  of  3  and  4 
minutes  duration  upon  subjects  without  breakfast,  it  was  concluded 
that 
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a.  Alcohol  begins  to  be  burned  in  appreciable  quantity  in  from  5  to 
11  minutes  after  taking;  with  some  subjects  the  combustion  began 
more  quickly  than  with  others; 

b.  Sucrose,  lactose  and  levulose  begin  to  be  burned  quite  as  soon  as 
alcohol,  if  not  sooner; 

c.  Glucose  and  maltose  are  not  utilised  as  food  as  soon  as  the  other 
sugars  or  alcohol,  approximately  twenty  to  thirty  minutes  elapsing 
before  their  combustion  plays  an  important  part  in  the  metabolism. 

2.  There  is  a  distinct  difference  between  the  metabolism  in  men  of 
glucose  and  of  levulose  and  galactose  as  shown  by  a  study  of  the  gaseous 
exchange,  especially  the  respiratory  quotients. 
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In  a  previous  paper  (3),  dealing  with  the  physiolc^cal  anatomy  of 
the  falling  reflex  of  cats,  a  number  of  observations  upon  cats  subjected 
to  a  tmilateral  removal  of  the  semicircular  canals  were  reported.  Tltesa 
former  obeervations  were  all  made  as  acute  experiments,  and  the  rota- 
tory reaction  was  tested  on  recovery  from  ether.  In  order  to  determine 
the  permanence  of  such  a  lesion,  and  to  ascertain  a  possible  compensa^ 
tioD  due  to  sssumption  of  function  by  other  organs,  a  eenes  of  cats  was 
prepared  with  similar  unilateral  destruction  of  the  semicircular  canals. 
Tliese  observations  were  continued  in  some  cases  over  a  period  (tf 
approximitely  three  months;  it  is  the- purpose  of  this  paper  to  present 
the  records  of  these  animals. 

Although  many  workers  in  phyuology  have  been  concerned  with  the 
function  of  the  semicircular  canals  in  lower  animate  (notably  pigeons), 
simitar  recorded  experiments  in  the  form  of  unilateral  destruction  of 
the  labyrinth  of  mammate  have  been  few.  Several  observations  ex- 
tending over  a  considerable  pmod  of  time  have  been  made  upon  birds 
and  amphibia  chiefly.  F^eons,  several  months  after  the  destruction 
of  one  labyrinth,  according  to  Ewald  (2),  are  dtetinguished  wit^  diffi- 
culty from  normal  pigeons.  As  they  are  able  to  perform  perfectly  their 
ordinary  functions,  special  teats  must  be  used  in  order  to  bring  out  the 
slight  permanent  changes,  such  as  the  position  of  the  head,  and  the 
preference  for  standing  on  the  leg  of  the  non-operated  side.  In  regard 
to  frogs  with  only  a  single  intact  canal-system,  the  same  author  men* 
tioQs  the  fact  that  the  peculiar  rotation  of  the  head  remains  for  a  long 
time,  decreasing  only  in  its  intensity  as  time  goes  on.  When,  however, 
2S7 
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the  frog  is  disturbed,  the  or^iinal  abnonnat  poeition  is  assumed  agaio 
in  its  former  d^pee.  In  some  as  yet  unpublished  work  by  Rosen- 
crantz  (4),  pigeons  with  the  three  canals  on  one  side  cut,  still  showed 
after  a  period  of  six  and  a  half  months,  some  slight  residuals  of  the  orig- 
mal  lesion;  there  was  not  an  absolutely  complete  recovery,  WUson 
and  Pike  (6)  report  that  in  tnammftla,  e.g.',  dogs  and  monkeys,  upon 
the  removal  of  the  semicircular  canals  of  one  side,  certain  postural 
phenomena  only,  such  aa  the  torsion  of  the  head  to  the  mjured  side  and 
a  leaning,  particularly  of  the  anterior  part  of  the  body  to  this  side, 
remain  permanently. 

Since  it  is  not  practicable  to  reach  the  labyrinth  by  the  same  method 
in  every  speciefl  of  animal,  many  different  methods  for  doing  so  have 
been  devised.  For  these  experiments  the  procedure  of  Wilson  and 
Pike  for  destroying  the  canals  in  cats  was  adopted,  with  the  modifica- 
tion, however,  that  a  median,  dorsal,  longitudinal  skin  incision  was 
made,  the  superior  auricular  muscle  reflected,  and  the  origin  of  the 
temporal  muscle  laid  back  from  the  bone,  so  as  better  to  preserve  the 
function  of  these  muscles.  The  cats  were  operated  upon  under  full 
ether  anaesthesia,  strict  surgical  cleanliness  was  observed,  and  the 
wound  was  repaired  by  suturing  with  silk  thread.  In  the  spacious 
cages  in  which  the  cats  were  kept  after  the  operation,*  ample  oppor- 
tunity for  walking,  jiunping  and  climbing  was  provided. 

Before  detailing  the  results  noted,  it  will  be  well  to  make  clear  the 
terms  used  in  describing  the  turning  reactions,  i.e.,  "turn  to  the  right," 
and  "turn  to  the  left."  By  saying  that  a  cat  turns  to  the*right,  for 
instwice,  is  meant,  that  if  the  cat  were  standing  upright  on  its  hind  feet 
it  would  turn  on  its  long  axis  in  the  same  direction  that  a  man  would 
turn  when  turning  to  his  right.  Similarly  with  the  term,  "turn  to  the 
left."  Or,  in  other  words,  when  the  cat  is  standing  on  its  four  feet, 
or  turns  in  the  air  starting  from  a  position  with  its  feet  directed  up- 
ward, a  "right  turn"  would  be  one  in  which,  lookii^  at  the  oat  from 
the  ceph^c  end,  the  turn  of  the  body  would  take  place  in  a  clockwise 
direction  around  the  long  axis  of  the  body;  in  a  "turn  to  the  left"  the 
turn  would  be  in  an  anti-clockwise  direction.  When  it  is  sud  that  an 
animal  "falls  on  its  ri^t  side,"  or  "towards  the  right  side,"  the  »ninna] 
in  doing  so  really  turns  to  the  left  around  its  long  axis. 

Directly  after  the  operation,  upon  complete  recovery  from  the 
etiier,  the  reactions  of  the  cats  with  destruction  of  the  semicircular 
canals  on  one  side  corresponded  exactly  with  those  noted  in  the  pre- 
vious paper.    There  was  a  horisontal  nystagmus  of  both  eyes  to  the 
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opposite  side,  a  partial  rotatioQ  of  the  head  away  from  the  leuon,  and 
an  ataxia,  especially  o(  the  head,  variable  in  degree.  The  animals  re- 
clined always  upon  the  operated  side,  resisting 'strongly  rotation  away 
from  the  lesion.  Upon  b^ng  dropped  they  rotated  in  the  air  so  as  to 
land  upon  their  feet  normally,  although  requiring  a  greater  distance 
in  which  to  inaugurate  and  also  to  perform  the  rotatory  movonent. 
The  turn  was  always  to  the  right  with  left-eided  lesions,  and  to  the  left 
with  right-sided  lesions.  The  majority  of  animals  immediately  after 
recovery  from  anaesthesia  will  not  rotate  in  the  air  while  blinded,  per- 
haps because  they  have  not  yet  learned  to  trust  Uie  impressimis  re- 
ceived from  the  intact  labyrinth. 

The  picture  presented  by  one  of  the«e  cats  eighteen  to  twenty-four 
hours  after  the  operation  was  quite  ooostant.  The  animal  showediittJe 
desire  to  walk,  but  when  it  did  so,  it  either  went  in  a  circle  towards 
^e  side  operated  upon;  or  when  it  attempted  to  walk  in  a  straight 
line,  its  legs  were  noticeably  abducted,  more  markedly  on  the  side 
not  operated  on  than  on  the  affected  nde.  During  this  prc^reesion 
tiie  whole  side  of  its  body  was  held  much  lower  on  ihe  operated  side 
than  on  the  oth^.  ■  This  sagging  suggested  a  weakness  or  loss  of  tonic- 
ity of  the  muscles  on  the  affected  side.  Very  often,  in  walking,  the 
animal  suddenly  fell  towards  its  aCFected  side,  i.e.,  if  the  right  side  were 
ihe  side  that  had  been  operated  upon,  the  body  would  turn  to  the  left 
aroimd  the  long  axis ;  and  vice  versa.  It  did  not,  however,  tend  to  con- 
tinue rolling  over  and  over  about  its  long  axis  across  the  floor  as 
Ewald's  rabbits  did  with  umilar  leuons,  but  it  soon  got  on  its  feet 
again  and  started  to  walk.  However,  after  taking  a  few  more  steps 
forward  it  usually  fell  over  on  its  side  again,  invariably  to  the  side  of 
the  leuon.  It  was  frequently  noted  that  when  such  a  cat,  sittii^  or 
standing  quietly,  suddenly  shook  its  head  rapidly,  the  whole  body 
would  suddenly  fall  over  towards  the  affected  side.  This  phenomenon 
could  be  brought  out  also  by  shaking  the  head  of  the  animal  rapidly 
from  side  to  side  for  a  few  seconds.  When  the  shaking  was  stopped 
tiie  aninuU  immediately  fell  over  on  its  side. 

When  an  animal  with  a  unilateral  vestibular  lesion  was  allowed  -to 
jump  off  a  chair  it  would  land  faiiiy  accurately  on  its  feet,  but  imme- 
diately upon  striking  the  floor  the  body  of  the  animal  would  fall  over 
to  the  side  on  which  th^  canals  had  been  destroyed.  Upon  r^aining 
its  feet  the  animal  would  then  start  to  walk  off  either  to  the  r^^ht  or 
to  the  left  respectively,  dependii^  upon  whether  the  right  or  the  left 
canals  had  been  operatively  interfered  with. 
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The  attitude  of  the  head  of  the  animal  while  sitting  or  standing 
quietly  or  while  walking  was  very  cbaracteriBtic  and  corresponded 
exactly  to  the  position  of  the  head  assumed  by  frogs  as  pictured  by 
Ewald,  and  by  mammals  in  Wilson  and  Pike's  article.  The  head  is 
rotated  around  the  long  axis  of  the  body  so  that  the  ear  on  the  affected 
side  is  inclined  downwud,  and  the  noae  directed  over  towards  the  sound 
side.  This  attitude  was  never  changed  and  was  increased  to  a  consid- 
erable extent  when  the  cat  lapped  milk  or  performed  other  tasks  re- 
quiring muscular  effort.  It  was  sometimes  increased  to  such  an  extent 
in  these  instances  that  the  side  of  the  head  with  the  lesion  was  held 
parallel  with  the  floor. 

All  the  animsla  still  had  a  horizontal  nystagmus  to  a  vorjnng  d^ree 
after  eighteen  hours  from  the  time  of  operation.  At  timee  it  was  rapid, 
and  at  times  it  was  slower  and  coarser.  Hie  quick  phase  of  the  nystag- 
mus was  always  towards  the  non-operated  side.  Invariably,  however, 
after  twenty-four  to  thirty-six  hours,  it  had  completely  disappeared. 

The  responses  obtained  from  a  cat  with  one  intact  labyrinth  to  drop- 
ping through  the  air  upon  a  soft  bed  of  straw  were  very  consistent. 
In  every  case  the  animal  was  first  held  with  its  back  down  and  its  feet 
pointing  straight  upward.  If  it  were  an  animal,  for  example,  with  the 
ri|^t  labyrinth  removed,  rotation  was  always  to  the  left;  the  landing 
on  its  feet  was  quite  accurate.  If  this  same  animal  wero  held  so  that 
its  feet  were  in  a  horizontal  plane,  with  the  side  of  its  body  and  head 
on  which  the  labyrinth  was  destroyed  (that  is,  the  right  in  this  case) 
parallel  with  the  floor,  it  twisted  through  270  degrees  or  more  to  the 
left  in  order  to  land  on  its  feet.  Sometimes  it  turned  too  far,  going 
through  more  than  270  degrees  and  landing  on  the  side  of  its  body.  In 
every  case,  however,  it  made  the  rotation  to  the  left.  Animals  with  a 
left-sided  lesion  reacted  in  a  similar  manner,  except  that  they  invari- 
ably turned  to  the  right.  Hence  it  must  be  assumed  that  these 
experimental  cats,  on  falling,  always  turned  away  from  the  lesion. 

When  blinded  by  a  hood  placed  over  the  head,  cats,  with  one-sided 
lesions  created  twenty-four  hours  or  more  previously,  reacted  by  turn- 
ing in  the  same  way  as  when  not  blinded.  Such  a  rotation  erf  blinded 
cats  rarely  occurs  immediately  after  the  operation,  but  in  the  short 
period  of  twenty-four  hours  the  animal  apparently  learns  to  rely  upon 
impulses  derived  from  the  one  intact  labyrinth.  With  the  lesions  on 
the  right  side  in  such  an  animal  the  turn  was  always  to  the  left,  and 
vice  versa  (even  if  by  doing  so  it  was  necessary  to  go  through  more  than 
270  degrees  in  order  to  secure  a  perfect  landing).    But  now  it  was  also 
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seen  that  such  animals  very  often — much  more  frequently  than  the 
non-blinded  cats — went  too  far  in  their  twisting,  striking  the  straw  on 
their  sides.  Vision,  of  course,  as  recorded  in  the  former  paper,  aided 
the  animal  to  determine  accurately  its  position  in  space.  One  cat 
when  blinded,  was  seen  to  make  two  complete  revolutions  (720  de- 
grees) through  the  air  before  striking  the  straw.  Such  extreme  rota- 
tions require  considerable  heights  for  their  accomplishment.    , 

The  acquirement  of  the  ability  of  a  cat  with  but  one  intact  vestibule 
to  rotate  in  the  air,  on  falling,  even  when  blinded  is  but  one  indication 
of  a  gradual  new  adaptation  of  such  an  organism  to  its  environment. 
In  this  instance  the  recovery  of  function  on  the  part  of  one  canal-sys- 
tem took  place  invariably  within  twenty-four  hours.  A  more  grad- 
ual recovery  was  noted  in  the  muscular  reactions  of  all  of  these  cats 
with  one-sided  lesions.  As  was  recorded  in  the  previous  note,  a  cat 
with  a  unilateral  destruction  of  the  semicircular  canals  required  a  fait 
of  a  considerable  distance  before  the  normal  rotation  was  started,  if 
the  test  were  made  as  an  acute  experiment  shortly  after  the  animal  had 
recovered  from  the  surgical  anaesthesia.  In  these  observations,  how- 
ever, the  cats  twenty-four  hours  after  the  operation  were  noticed  to 
have  acquired  the  power  of  inaugurating  the  rotatory  response  in  much 
more  rapid  a  manner.  Thus  a  fall  of  2  to  3  feet  was  sufficient  to 
allow  them  to  make  the  necessary  twist  through  180  degrees.  Further 
acquirement  of  this  abiUty  was  a  rather  slow  process,  and  it  was  not 
until  two  to  three  weeks  after  the  operation  that  these  animals  showed 
an  almost  total  recovery  of  their  ability  to  initiate  the  typical  rotation 
within  a  very  ^ort  distance.  None  of  the  animals,  however,  during 
the  three  months'  duration  of  observation  made  a  complete  recovery. 
The  best  explanation  of  this  slow  recovery  probably  concerns  not  the 
acquirement  of  a  more  acute  function  on  the  part  of  the  receptor 
system,  but  rather  deals  with  a  gradual,  but  never  wholly  complete, 
resumption  of  normal  motor  function.  Such  an  explanation  would 
undoubtedly  coincide  with  Ewald's  ori^al  dictum  concerning  the 
relation  of  the  vestibular  apparatus  to  muscular  tonus. 

With  the  return,  then,  of  more  or  less  muscular  reaction,  the  rotation 
of  a  blinded  cat  with  a  one-sided  destruction  of  the  vestibule  could  be 
foreseen  as  an  example  of  the  power,  and  possibly  of  the  need,  of  such 
an  ftn'Tn^l  to  maintain  a  continuous  revolution  about  the  long  axis  of 
the  body.  As  recorded  above,  such  a  cat  was  observed  to  rotate  through 
720  d^rees  in  the  course  of  a  fall  of  moderate  height.  Presumably 
this  animal  on  a  much  greater  fall  would  have  mointuned  a  contin- 
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U0U8  rotatioD  about  its  long  axis,  differing  in  this  regard  from  the  ani- 
mal witb  ^e  more  acute  lesion  in  its  greater  muscular  power  and  co- 
ordination. This  suggests  that  cats  when  deprived  of  their  ocular  aen- 
sations  and  with  but  one  intact  vestibule  possess  an  inherent  tendency 
towards  this  rotation  about  the  long  axis.  But  another  factor  un- 
doubtedly infiuences  such  continuous  revolution  of  the  animal.  This 
factor  probaUy  concerns  the  character  of  the  physical  environment  to 
which  the  animal  is  immediately  subjected.  For  if  such  a  blinded  ani- 
mal be  placed  upon  the  ground,  the  inevitable  reaction  consists  not 
in  the  rotation  but  solely  in  a  struggle  to  remove  the  blinding  hood. 
Deprived,  however,  of  its  firm  and  cufitomaiy  basis  for  support,  as  in 
the  air,  the  single  imbalanced  canal-«ystem  exerts  au  overpowering 
and  almost  inevitable  stimulus  for  the  rotation  about  the  long  axis  of 
the  body.  Such  a  rotation,  however,  in  an  unblinded  cat  seems  limited 
merely  to  the  necessary  turning  which  will  protect  the  animal  from  in- 
jury and  allow  it  to  land  squarely  on  its  feet.  Thus  it  may  be  assumed 
on  this  hypothesis  that  a  blinded  cat  with  a  unilateral  destruction  of 
one  set  of  semicircular  canals  possesses  a  tendency  towards  the  rota- 
tion about  its  long  axis  only  when  in  an  unstable  medium,  such  as 
obtains  on  falling  through  the  air. 

This  hypothesis  was  tested  by  placing  the  unilateral  cats  in  another 
unstable  medium — ^water.  Five  cats,  not  blinded,  two  with  right 
lesions,  and  three  with  left  lesions,  were  placed  in  a  tub  of  water,  deep 
enough  for  them  to  swim  around  in  without  having  their  feet  touch 
bottom.  The  .results  were  very  striking  in  that  they  all  started  to 
swim,  but  after  a.few  strokes  the  side  of  the  body  with  the  lesion  went 
down  in  the  water  and  the  other  side  came  up.  In  doing  this  their 
heads  became  submerged,  which  deprived  them  of  the  use  of  the  eyes, 
and  now  they  began  to  revolve  continuously  around  the  long  axis — to 
the  left  in  those  with  right-sided  lesions,  and  to  the  right  in  those  with 
left-sided  lesions.  This  rapid,  continuous  revolving  of  the  body  lasted 
as  long  as  the  animals  were  permitted  to  remain  in  the  water.  Inter- 
esting was  the  fact  that  two  of  these  animals,  59  and  67  days  respec- 
tively after  the  operation,  were  able  to  swim  and  climb  out  of  the  tub 
as  long  as  they  kept  their  heads  above  water;  as  soon  as  the  heads  be- 
came submerged  they  began  revolving  about  the  long  axis.  In  this 
connection  Wilson  and  Pike  report  in  a  protocol,  that  a  dog  which  had 
had  the  right  labyrinth  destroyed  a  year  previously,  when  taken  out  to 
Bwim,  "sometimes  turned  over  and  over  in  the  water  before  starting, 
but  usually  came  to  the  surface  when  thrown  in  and  started  for  the 
bank  without  rotation  or  turning  in  a  circle." 
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In  the  foregoing  paragraphB  some  mention  has  been  made  of  the 
gradual  change  in  reaction  of  these  cats  with  imil&teral  desUuction  of 
the  labyrinth.  Thus,  the  failure  of  the  nystagmus  to  persist  for  over 
thirty  hours  after  the  creation  of  the  lesion,  was  recorded.  The  tend- 
ency to  walk  about  in  a  circle  has  been  observed  to  persist  only  for 
the  first  few  days.  Likewise  the  gradual  return  of  an  almost  complete 
muscular  ability  was  pointed  out.  Certain  reactions,  however,  do  seem 
to  endure  unchanged  at  least  throughout  the  period  of  three  months. 
These  reactions  concern  the  inevitable  tendency  of  the  animal  to  rotate 
away  from  the  lesion  about  the  long  axis  when  placed  in  on  unstable 
medium.  The  other  characteristic  phenomena  of  such  an  animal  de- 
prived of  one  labyrinth  are  chieSy  postural  in  character,  and  these,  in 
a  way  umilar  to  the  gradual  return  of  the  muscular  pow^,  come  to  ap- 
proximate the  normal,  but  in  no  sense  must  this  return  be  considered 
as  a  total  resumption  of  the  normal  functions.  Thus,  the  sagging  of 
one  side  of  the  body  on  walking  is  gradually  overcome  but  never  com- 
pletely. Hie  anifnula  seemingly  tend  to  lean  towards  the  operated 
side.  In  the  same  category  must  be  included  the  abnonnal  position 
of  the  head  with  the  depression  of  the  ear  towards  the  operated  side, 
and  the  incomplete  rotation  of  the  nose.  This  persists  probably  to  a 
greater  extent,  and  for  a  longer  period  than  does  the  loss  of  muscular 
power.  In  every  case  a  very  considerable  vestigial  remnant  of  this 
postural  reaction  was  evident  three  months  after  the  initial  lesion. 
Interesting  in  this  connection  is  the  fact  that  on  exertion  or  during  any 
special  effort,  this  abnormal  deflection  of  the  head  would  reappear  and 
persist  to  a  marked  degree,  but  for  merely  a  few  moments.  It  was 
noted  that  shortly  after  the  initial  operation  these  animals  when  shak- 
ing their  heads  fell  towards  the  affected  side.  Gradually,  in  the  course 
of  several  weeks,  this  spontaneous  phenomenon  grew  less  and  lees  fre- 
quent and  the  tendency  to  fall  lees  and  less  pronounced.  So  it  would 
seem  that  the  animab  subjected  to  a  unilateral  destruction  of  the  semi- 
circular canals  tend  slowly  to  recover  from  the  initial  effects  of  such  a 
lesion;  the  recovery  in  no  sense  can  be  taken  to  be  complete. 


In  conclusion  it  may  be  stated  that  cats  subjected  to  a  unilateral 
deetruction  of  the  semicircular  canals  show  the  following  typical  re- 


1.  During  the  first  twenty-four  hours  there  results  a  marked  hori- 
zontal nystagmus  to  the  opposite  side;  a  varying  d^ree  of  ataxia  of  the 
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wfcoltf  botfr  e:?[wvially  of  the  hiMii^ :  md  »  typical  rotUon  cf  thr  head 
with.  jtrpr«»iua  of  the  tar  on  the  opet^ned  sde. 

:!  VT.'h  riitf  Ums  of  ^im  ajsta^jnan  afta  aixHit  thirty  hoars,  and  a  las 
ot*:^  tMiiiiMifj 'o  W3uEill*l.-i^<:ll•^l^rafew  iiay%  chovBav^y  gnd- 
itttL  bii*  Lcinioipiece  twov^H-r  of  the  pueinir^  ami  nunciilar  leaeQaos  of 


i  »>i  btHzic  viri'cced.  ai  the  »ir,  she  temiiancT  of  these  a 
n^Ckr^•  iv^y  tzvta  "he  Ikhim-  icii  tio  Itknd  ak-wnuaa?-  oa  thra  feet. 

■#.  Bii2ii«i  cks*  w.^h  one-«jii*d  sescibiuar  teamia  3io«r  af^a  yie  ars 
Wwi-:3--^:nr  a«!ia^  u  aMT-.taJrie  ;«^afEi:T  vwanie  ruc&aiMi  away  fnm 
•he  jsauo  iir<:in  ^he  'naic  Axa<  oc  sheir  bt>ifee.  Sol's.  r^msoiiH  hivse  bees 
ircwHT'wii  V  >,i;nr>:nat  ^iinruiia  TJ)  jeicwHv  jinuiarij,  snbiim^ti  cas 
wi«i  puttn^i  .u  v.^z>v.  aaii  •■-.h.  iheir  leaiiB  ^facmeneii.  i-rMnnni-maj 
r('Cir.'  ar-iaiii  ;Je  "a:iu:  aaaj  :f  -iwr  rvties. 

nic  IT  TTjr-aic  wiile  frxrmic  "ir:t:un.  ^ie  n.  :r  — ^'-"t  while  joc- 

a-iiH  ■(■  Tje  .t'tcy — ^;  -nie  rocif^  a  _•*.■»  wrii  tie  >su:a  m  -jte  '.^  a*. 


r>' Google 


A  PHOTOGRAPHIC  METHOD  FOR  MEASURING  THE 
SURFACE  AREA  OF  THE  HUMAN  BODY 

FRANCIS  G.  BENEDICT 
from  lA«  Yulnlton  Laboratory  a. 

Received  for  publication,  June  21,  1916 

Id  a  study  made  at  the  Nutrition  Laboratory  in  1912  of  the  metabol- 
ism of  a  man  during  a  31-day  fast,  the  heat  production  was  calculated 
in  accordance  with  the  usage  of  physiolt^ts  on  the  basis  of  per  kilo- 
gram of  body  wei^t  and  also  on  the  basis  of  per  square  meter  of  body 
surface  (1),  As  the  only  method  available  at  that  time  for  comput- 
ing  the  body  surface  was  the  Meeh  formula,  i.e.,  12.312  \/body  weight*, 
it  was  used  in  this  instance.  In  the  discussion  of  the  results,  however, 
it  was  stated  that  owing  to  probable  defects  in  the  applicability  of 
the  Meeh  formula  the  absolute  values  were  doubtless  erroneous  and 
that  even  the  differences  could  not  be  looked  upon  as  entirely  accurate. 
With  the  development  of  the  Du  Bois  linear  formula  (2)  for  measuring 
the  body  surface  and  the  consequent  demonstration  of  errors  in  the 
Meeh  formula,  an  effort  was  made  to  obtain  more  probable  values  for 
the  body  surface  of  the  fasting  man  for  subsequent  use  in  recomputing 
the  heat  production  per  square  meter  of  body  surface.  Unfortunately 
the  measurements  made  of  the  subject  during  the  experimental  period 
i.e.,  the  r^ular  anthropometric  measurements  of  the  gymnasium,  are 
not  those  required  by  the  Du  Bois  formula.  Use  was  therefore 
made  of  a  series  of  anatomical  photographs  of  the  subject  taken  at 
intervals  during  the  fast  and  a  photographic  method  was  developed 
for  measuring  the  body  surface  which  was  based  entirely  upon  the  Du 
Bois  linear  formula.  We  were  thus  able  indirectly  to  take  advantage 
of  the  greater  accuracy  of  the  Du  Bois  method.  The  results  of  this 
recomputation  of  the  body  surface  of  the  fasting  man  are  published 
in  the  accompanying  article  (3),  together  with  a  discussion  of  the  heat 
production  per  square  meter  of  body  siuface  as  computed  upon  the 
new  basis. 

This  photographic  method  for  measuring  the  body  surface  of  \di^- 
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viduals  was  the  outcome  of  an  attempt  previously  made  to  secure  the 
body  surface  of  infanta.  At  that  time  certain  photc^Taphic  poses 
were  studied  with  a  view  to  using  them  as  a  possible  basis  of  measure- 
ment of  the  body  area  of  adults  (4),  but  with  the  Du  Bois  linear  for- 
mula it  was  practicable  to  simplify  these  poses  considerably.  In  the 
development  of  the  photographic  method  photographs  were  taken  of 
a  considerable  number  of  normal  individuals  of  widely  varying  wei^t 
and  body  configuration  whose  body  area  had  been  measured  by  means 
of  the  Du  Bois  formula.  The  areas  shown  in  these  photographs  were 
then  accurately  measured  by  the  planimeter.  From  the  results  ob- 
tained with  the  planimeter  and  the  values  for  the  body  surface  of  the 
individuals  as  secured  by  actual  measurement  and  computation  with 
the  Du  Bois  formula,  a  formula  was  developed  which  could  be  used 
for  calculating  the  body  surface  of  any  individual  from  photographs 
taken  of  certain  poses.  A  detaUed  description  of  the  development  of 
the  method  and  the  values  obtained  for  Uie  individuals  photographed 
are  pven  in  this  paper. 

GENERAL  PRINCIPLE  OF  THE  PHOTOGRAPHIC  UKASUBEICBNTS 

As  a  basic  measurement  a  cross  section  of  the  nude  body  through  Uie 
extended  arms  and  fingers,  trunk  and  legs  was  considered  to  be  the 
closest  approximation  to  the  body  surface.  If  the  body  were  as  flat 
as  a  leaf  this  area,  multiplied  by  2,  would  ^ve  the  total  body  surface 
but  the  impractical  nature  of  even  such  a  cross  section  as  tiiis  is  in- 
stantly seen  when  it  is  remembered  that  while  the  cross  section  of  the 
extended  hands  and  fingers  is  included  in  the  surface  area,  the  cross 
section  of  the  feet  and  toes  is  not  included  since  they  are  at  right  angles 
to  the  body.  This  cross  section  would  furthermore  assume  equality 
in  surface  area  on  the  dorsal  and  ventral  sides  of  the  body.  With  ap- 
proximately  normal  men  this  would  not  be  too  gross  an  assumption 
but  the  mammae  in  women  and  the  pendulous  abdomen  of  tiie  obese 
would  not  be  included;  hence  a  profile  view  was  taken  with  the  sub- 
jects standing  at  "attention."  Various  other  profile  views  were  taken 
with  one  arm  extended  and  with  and  without  one  leg  forward  of  the 
other  to  include  greater  lateral  area.  A  more  detailed  description  of 
the  principal  poses,  with  illustrations,  will  be  given  later. 

It  must  be  noted  at  the  outset  that  these  photographs  are  made  in 
a  wholly  empirical  way  for  obviously  the  human  body  is  not  as  flat  as 
a  leaf  and  likewise  the  profile  view  does  not  represent  the  thickness  of 
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the  ann  but  shows  only  a  cross  section  through  the  center  of  the  body. 
Nererthelees,  since  for  compariBon  the  actual  body  surface  could  be 
computed  by  the  Du  Bois  linear  formula  from  definite  body  measure- 
ments,  it  seemed  feasible  to  attempt  some  correlation  between  the  body 
areas  of  a  number  of  individuals  as  measured  by  the  planimeter  on 
photographs  showing  these  posee. 

TECHNIQUE 

Inasmuch  as  the  outline  of  the  body  alone  was  desired,  no  attempt 
was  made  to  differentiate  sharply  tiie  details  of  the  photographs,  par- 
ticularly as  a  quick  exposure  was  highly  advantageous.  The  technique 
for  taking  the  first  photographs  conformed  to  the  technique  employed 
with  the  anatomical  photographs  of  the  fasting  subject.  In  these  a 
black  background  was  used  in  the  beUef  that  the  predominantly  light- 
colored  body  would  give  a  sharp  contrast.  Reasonably  satisfactory 
results  were  obtained  in  the  series  of  photographs  taken  in  this  way 
although  certain  dark  shadows,  particularly  on  the  insides  of  the  legs 
and  portions  of  the  side  of  the  body  made  it  difficult  to  trace  the  out- 
line witii  the  planimeter. 

The  best  results  were  obtained  by  using  as  a  background  a  white, 
semi-truisparent  screen  (a  bed  sheet)  which  was  placed  in  front  of  a 
window.  The  camera  was  located  approximately  3  meters  from  the 
body  and  pointed  directly  toward  the  window.  This  procedure  gave 
a  sharp  black  outline  against  a  white  background,  the  resulting  print 
being  a  fairly  good  silhouette.  But  even  with  this  method  a  few  of 
the  pictures  showed  certain  high  li|^ts  on  the  shoulders  which  led  us 
to  believe  that  it  would  be  better  to  restrict  the  white  field  to  corre- 
spond closely  to  the  form  of  the  body.  Theoretically  the  more  nearly 
the  outline  on  the  photograph  Represents  a  true  reduction  of  the  sil- 
houette the  better.  To  give  a  suitable  scale  for  measurement,  a  meter 
stick  was  always  placed  near  the  body  in  the  same  plane  as  the  sil- 
houette and  included  in  the  photograph. 

Practically  all  of  our  pictures  were  taken  with  a  lens  already  in  the 
possession  of  the  laboratory,  i.e.,  a  Cooke  lens,  Series  V,  f/8,  6}  x  8^  ' 
inches,  with  an  equivalent  focus  of  11.2  inches.  This  was  used  with  a 
6}  X  81  inch  plat«,  the  body  nearly  covering  the  plate.  A  series  of 
smaller  photographs,  taken  with  a  relatively  inexpensive  Kodak  on 
4x5  inch  plates,  was  also  made  of  one  of  the  subjects.  These  latter 
photographs,  although  requiring  more  care  in  planimetering,  gave  con- 
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rordant  miults  with  the  photographs  obtained  on  the  large  {dates. 
To  Btuciy  the  cffert  of  possible  distortion,  ao  extratH'dinarily  wide  an^ 
Icnn — a  BaUBch  and  Lomb,  Zeiss  Protar,  f/I8,  Series  V,  6)  z  8)  inch, 
with  an  equivalent  focus  of  &^  inches  was  used  with  a  6)  x  Si  inch 
plate.  Kven  when  these  distorted  pictures  were  plaoimetaed,  rafam 
were  obtained  which  did  not  exceed  9  per  cent  of  those  found  with  the 
(.'ooke  leiip,  the  values  ranging  from  3  to  9  per  cent.  Such  an  extn- 
onlinarib'  wide  angle  lens  would  rarely  be  used,  however,  as  the  photo- 
grapher would  instantl>'  see  the  distortion,  CtHiaequratl}-  we  may  say 
that  with  prarticall>-  any  lens  giving  figures  not  evidently  distorted 
K  high  degree  of  accuracy  and  concmtlance  can  be  obtained.  The 
{irint9  were  made  on  carbon  Velox  paper  and  when  dry  were  tempoahh- 
tnouittnl  on  a  drawing  board  with  thumb  tacks;  the  area  was  thta 
planinieterwl. 


The  |ihot<i(tniphs  were  taken  of  the  aibject  in  threr  principal  poses. 
which  are  here  dciMgnated  as  poses  A.  B.  and  C,  I^ter  lierrk^iaa.ix 
fHwt'Kvt.i  that  itf  thcise  pwe  C  is  the  mo^t  useful  and  acroria^y.  vo 
ilUti^tntlc  thf  exaci  nwihcJ  of  taking  the  pirturej,  a  typical  pb»«ea^ 
\\(  this  pose  is  gi\Ten  of  s«V.vrt  7  fig,  I  .  Funbemx^e. 
\\(  the  sw«e  «il'je<i  in  al!  ihrt>c  poses  are  giviea  £e.  2  . 
wil>t*(iettrt!  ci  pos(*  A  ajhi  C  toe  a  D<*Taa)  woc.«:  Sv:'r,>fri,  a;..  1~  a 
\YT>-  fjit  R'KU).  T*>v  1,  ar..i  a  ve^  si^aU  tt-xh.  rict.  14  ^.  S  .  S^:mprM» 
are  »W  p\>fr:  oi  iw<p  O  f>T  iiI'.  c£  o-ur  otSpt  k;-  •■:-r:s   ti.  4  .     "T^  acaie 

j^N!,ipr»-,-ihf>.^  »1  iSe  fame  urrw  ir  trie  skr:*  pii:^  *s  ii»f  pan  of  ■a* 
h.x^-  riv.i<<\i  •.".TV^r.,  if.,  iz.  wsp*  B  ar?:  C  <xa.'-y  firi^osw  u»c  rac£~ 
K->iy.  To  .Jf*tr.-y  ilv  i-jc-T.iy  .if  irw  ?■,;>  if-;-?,  -.hf  rrcirtar  :i  tW  un 
y.*.<  Sv-r.  .V  ]rtr}%'o-.  -r.  j..~  .-e"  ihf  «..;■  ofT-^s, 

!  V  ifi-ee>,i  -«r.;i«  ."-.■«*-«■ -i  Mr.  ,-c  i.v  rori-.  »-i_i-.  r«!  id:«  »irarui*cny 

l!x  :>tK-';  T-"-ti!',-rfr:-f::  t~    *".■.;->.  f:'^ir.  Tk-  i:jT*:  i  iii"""c  !C  jUMsitLT- 


-  was  '.l^-   ±.'j-— !.■'-:.    . 
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Fig.  1.  Phnlograpli  of  pnsc  ('. 
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Fig.  3.  Silhouettes  of  poaea  A  uid  C,  subjects  17,  1  and  14. 
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Fig.  4.  Silhouettea  of  poM  C  for  19  aubjecU  of  vaiTiiiB  hai|bt  tad  wei^t. 


r>' Google 


11 

11  12 


Pig.  4— Coatmued. 


ijGoogle 


284  FBANCIS   a.    BENEDICT 

view  of  the  subject  with  arms  akimbo  and  thumbs  resting  more  or  less 
l^tly  upon  the  hips.  In  plonimeteriiig  the  figure  it  is  important  to 
make  allowance  for  the  hair.  After  very  little  experieDce  this  allow- 
ance is  readily  made  and  the  duplicate  measurements  with  the  pU- 
oimeter  show  extraordinary  accuracy. 

Poae  B.  A  profile  view  of  the  subject  standing  at  "attention"  was 
selected  for  pose  B,  Theoretically  this  poee  shows  but  one  leg.  As 
a  matter  of  fact  unless  the  camera  is  placed  at  a  very  great  distance, 
the  other  leg  will  inevitably  show,  particularly  at  the  feet.  Conse- 
quently the  slight  amount  of  high  l^ht  on  the  edges  of  the  leg  nearest 
the  camera  is  distinctly  advantageous  for  indicating  the  proper  outline 
of  the  nearer  1^  for  planimetering.  In  running  the  planimeter  over 
the  photographs  of  the  subject  in  these  poses  only  the  outline  of  the 
leg  and  foot  nearest  the  camera  is  taken.  In  adjusting  the  poee  the 
operator  attempts  to  secure  such  a  position  that  the  leg  farthest  from 
the  camera  will  be  hidden  as  much  as  possible  by  the  leg  nearest  the 
camera.  With  this  pose,  as  with  pose  A,  it  is  necessary  to  make  al- 
lowance for  the  hair  and,  with  a  bearded  subject,  for  the  beard.  How- 
ever, even  with  women,  especially  when  the  hair  ia  knotted  at  the 
back  of  the  head,  no  difficulty  is  experienced  in  detenuioing  the  probable 
contour  of -the  head. 

Pose  C.  Pose  B  is,  however,  theoretically  unsound  inasmuch  as  it 
represents  the  cross  section  of  but  one  extremity,  namely,  one  leg,  while 
the  arms  are  completely  hidden  in  the  shadow  of  the  body.  Conse- 
quently the  subjects  were  photographed  in  a  third  pose,  poee  C,  which 
differed  from  poae  B  in  that  the  left  arm  was  extended  in  a  natural 
way  and  the  fingers  of  the  hand  separated.  The  original  photograi^ 
of  subject  7  (fig.  1)  imd  the  silhouettes  of  the  o|ther  subjects  in  this 
pose  (figs.  2  to  4)  show  very  clearly  the  position  to  be  adopted.  The 
axis  of  the  arm  was  directly  perpendicular  to  the  plane  passing  throi^h 
the  limbs  and  the  vertical  upright  of  the  body;  in  other  words,  the 
hand  should  not  be  brought  over  into  a  line  opposite  the  breast  bone. 
With  female  subjects  the  arm  should  be  held  sufficiently  high  to  show 
the  breast  below.  In  planimetering,  the  same  [^ecautions  should  be 
used  as  with  the  other  poses,  i.e.,  the  hair  should  not  be  included,  and 
the  outline  of  the  leg  nearest  the  csjnera  alone  should  be  used.  It  was 
beheved  that  this  pose  would  have  special  value  in  indicating  some  pos* 
sible  relationship  between  the  photographic  cross  section  and  the  area, 
particularly  in  subsequent  attempts  to  secure  the  surface  area  ofani- 
mals  in  which  a  cross-section 'photograph  would  show  the  profile  of 
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two  extremities.  Even  with  pose  C  it  will  be  seen  that  the  positioD  is 
purely  empirical  since  it  by  no  means  represents  a  complete  cross- 
section  of  the  body. 

In  all  three  poses  the  question  of  the  separation  of  the  fingers  is  of 
minor  technical  importance.  As  a  matter  of  fact,  tests  have  shown 
that  regardless  of  whether  the  fingers  are  close  t<^ether  or  are  separated, 
the  same  resulte  are  obtained  in  planimetering.  Hie  separation  of 
the  fingers,  however,  illustrates  a  little  more  clearly  the  possibility 
of  considering  the  body  as  a  series  of  short  cylinders  from  which  the 
area  of  the  body  may  be  calculated. 

RELATIONSHIPB   BETWEEN   THE   BODY   SURFACE  AS   COMPUTED   BT 

THE  DV   BOtS   FOBMULA   AND   FROM   THE    FLANTMETEBSD 

AREA   OF  SPECIAL   FHOTOORAPHIC   POSES 

The  observations  were  made  with  20  subjects,  of  whom  six  were 
females.  The  body  wei^t  of  the  men  varied  from  144.6  to  32.9  kgm. 
and  of  the  female  subjects  from  99.1  to  37.1  kgm.  All  persons  measured 
were  21  years  or  over,  with  the  excc^on  of  two  girls  (nos.  16  and  19) 
who  were  but  lOi  and  6J  years  old.  The  data  for  the  age,  nude  body 
weight,  and  height  of  the  subjects  are  given  in  colunms  a,  b,  and  c  of 
table  1.  From  these  data  it  will  be  seen  that  the  subjects  varied  widely 
in  general  configuration  of  body.  Thus,  the  heaviest  individual,  with 
a  weight  of  144.6  kgm.  had  a  height  of  but  166.2  cm.,  while  the  smallest 
man  was  also  the  shortest.  Of  the  women  the  heaviest,  weighing  99.1 
kgm.,  was  likewise  the  shortest.  Thus  we  have  with  both  the  heaviest 
man  and  the  heaviest  woman  a  typical  picture  of  obesity.  Of  the 
ntwmal  individuals  many  were  rather  thin  and  several  were  very  tall. 
A  number  of  the  men  were  members  of  the  laboratory  staff  and  had 
been  most  carefully  measured  on  numerous  occasions.  One  of  the 
women  (no.  17)  was  an  artist's  model,  selected  for  normaUty  of  figure. 
Two  of  the  men  (nos.  11  and  12)  and  two  of  the  women  (nos.  18  and 
20)  were  diabetica  and  were  somewhat  emaciated. 

I  wish  here  to  express  my  indebtedness  to  Dr.  E.  A.  Locke  for  his 
kindncgs  in  putting  me  in  communication  with  the  obese  subject  1, 
to  Dr.  F.  B.  Talbot  and  his  assistant,  Dr.  J.  M.  Lee,  for  their  help  in 
securing  the  cooperation  of  subjects  16  and  19,  and  to  Dr.  E.  P.  Joslin 
for  the  diabetic  patients.  I  am  especially  indebted  to  Dr.  J.  H.  Means 
not  only  for  securing  the  assistance  of  the  obese  subject  15  but  for  many 
helpful  suf^estions.     Without  the  cooperation  of  the  subjects  (5)  little 
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could  have  been  accomplished  and  to  all  I  desire  to  express  my  thanks, 
especially  to  my  intimate  associates  who  volunteered  and  also  assisted 
in  the  numerous  measurements. 

Cross  section  photographs  were  made  of  all  of  the  subjects  in  the 
poses  A,  B,  and  C,  and  by  means  of  the  planimeter  and  the  measure- 
ment of  the  photographed  meter  stick,  the  total  area  shown  in  the  photo- 
graph, or  the  true  area  of  the  body  in  that  particular  section,  was  com- 
puted.   The  method  of  computation  was  as  follows: 

Owing  to  the  size  of  the  paper  used,  it  was  generally  necessary  to 
divide  the  body  into  two  approximately  equal  parts  by  a  line  passiDg 
through  the  hips.  The  upper  and  lower  sections  were  planimetered 
separately  and  the  sum  of  these  two  areas,  which  on  the  instrument 
we  used  was  expressed  in  square  inches,  was  multiplied  by  the  factor 
6.45  for  conversion  to  square  centimeters.  The  actual  length  of  the 
reduced  meter  stick  was  measured  in  millimeters  (generally  from  104 
to  114  mm.)  and  the  true  area  obtained  by  a  simple  proportion. 

Thus,  using  subject  7  for  an  illustration,  the  photograph  of  pose  C, 
reproduced  in  figure  1,  gave  for  the  lower  part  of  the  body  3.11  sq. 
in.,  and  for  the  upper  part  3.40  sq.  in.,  with  a  total  of  6.51  sq.  in. 
This,  multiplied  by  the  factor  6.45,  gave  a  total  of  42.0  sq.  cm.,  or, 
as  our  result  is  to  be  expressed  in  square  meters,  0.00420  sq.  m.  The 
meter  scale  as  reduced  in  the  photograph  measured  10S.25  mm.  or  0.10825 
m.     The  proportion  used,  therefore,  was  as  follows: 

P  :  1=  :  :  a  :  X, 

I  representing  the  length  of  the  reduced  meter  scale  (0.10825  m.),  a 
the  area  of  the  photograph  expressed  in  square  meters  (0.00420  sq. 
m.),  and  x  tbe  surface  area  of  the  section  of  the  body  shown  in  poee  C 
(0.358  sq.  m.).    Tbe  general  equation  would  therefore  be: 


The  calculated  areas  based  upon  the  various  photographic  measure- 
ments for  poses  A,  B  and  C,  expressed  in  square  meters  for  each  of  the 
subjects,  are  given  in  columns  d,  e,  and  /  of  table  1.  As  would  be  ex- 
pected,  the  values  for  pose  A  are  the  largest  and  the  values  for  pose  C 
are  larger  than  those  for  pose  B  owing  to  the  additional  area  of  the 
ext«nded  arm  and  hand. 

Since  the  entire  investigation  is  based  upon  an  assumption  of  tite 
fundamental  accuracy  of  the  Du  Bois  formula,  each  of  these  subjects  was 
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most  carefully  measured,  usually  by  two,  frequently  by  three  indi- 
viduals, and  after  numerous  personal  conferences  with  Dr.  E.  F.  Du 
Bois.  I  would  like  at  this  point  to  express  my  wannest  appreciation 
of  the  assistance  and  great  number  of  si^gestions  that  Dr.  Du  Bois 
has  given  me,  both  by  personally  instructing  members  of  the  Nutrition 
Laboratory  staff  in  the  technique  of  measuring  and  by  assisting  in 
clarifying  several  obscure  points  in  obtaining  accurate  measurements 
by  this  formula.  The  area  of  each  individual'  as  computed  from  the 
Du  Bois  measurements  is  given  in  column  i  of  the  table.  These  areas 
represent  the  base  line  to  which  all  the  values  subsequently  computed 
are  referred.  The  values  computed  by  the  Meeh  formula  are  given 
for  comparison  in  column  j. 

BGLATIONSHIFB  OF   ABEA  OF   FHOTOGBAPHIC    POSES  TO   TBUE 
BODT   SDRPACE 

When  the  photographs  of  the  subjects  in  the  three  poses  A,  B,  and  C 
were  examined  certain  astonishing  relationships  were  almost  immedi- 
ately noted.  Neither  pose  A  nor  pose  B  take  into  consideration  the 
area  of  the  ends  of  the  body,  i.e.,  the  bottom  of  the  feet  and  the  top 
of  the  bead  and  dioulders.  Furthermore,  it  is  obvious  that  since 
the  body  is  not  as  flat  as  a  leaf,  the  surface  of  the  body  will  be  larger 
than  twice  the  area  of  the  cross  section  shown  in  A,  but  how  much 
more  remains  to  be  determined.  If  we  consider  the  body  as  made  up 
of  a  series  of  short  cylinders  without  ends,  we  might  express  the  re- 
lationship between  the  photographic  surface  A  and  the  true  surface 
by  the  formula  tA.  On  the  other  hand  if  we  take  twice  the  area  ill 
pose  A  and  add  to  it  twice  the  area  of  the  profile  view  (poseB)  we  should 
assume  that  the  body  was  a  rectangle  in  shape;  we  should  still  have  no 
measure  of  the  area  of  the  ends  of  the  body.    As  a  result  of  these  pre- 

'  It  IB  especially  importaDt  with  obese  subjects  in  taking  the  measurementa  L 
and  If  ottheDu  Bois  formula  tomake  the  measurements  between  perpendiculars. 

Thus,  the  distance  in  the  length  between  the  8upraBt«rDal  notch  to  the  upper 
border  of  the  pubes  with  a  fat  person,  if  measured  by  a  tape  laid  directly  od  the 
■kin,  will  represent  a  distinctly  curved  distance,  and  hence  the  length  will  be 
too  long.  Similarly  the  length  W,  which  is  from  the  upper  border  of  the  pubes 
to  the  lower  border  of  the  patella,  should  likewise  be  measured  between  perpen- 
diculars. Owing  to  difficulties  in  locating  the  superior  border  of  the  great  tro- 
chanter with  fat  people  the  value  W  has  been  used  instead  of  the  value  O.  Dr. 
Du  Bois  has  kindly  supplied  a.  constant  where  W  is  used,  this  constant  being  0.552. 
See  Du  Bois  and  Du  Bois;  Arch.  Intern.  Med..  1916.  xvii,  863. 
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liminary  considerations  the  following  formulas  were  selected,  first, 
tA,  and  second,  2A  +  2B.  It  will  be  seen  that  rA  represents  the  sur- 
face of  a  cylinder  of  the  area  of  the  cross  section  A,  without  takii^ 
the  ends  into  consideration,  while  2A  +  2B  indicates  a  rectangular 
formation,  also  without  including  the  ends. 

The  values  obtained  by  using  the  first  formula  (»A)  are  given  in 
column  g  of  table  1.  A  comparison  of  these  values  with  Uiose  obtained 
with  the  Du  Bois  formula  as  given  in  column  i  shows  somewhat  lower 
values  for  those  computed  from  the  formula  vA.  On  the  other  hand 
it  will  be  noted  that  these  values  are  very  much  nearer  the  Du  Bois 
values  than  are  those  calculated  by  the  Meeh  formula  and  given  in 
colunm  j,  these  latter  values  being  invariably  somewhat  higher.  The 
values  as  computed  by  the  second  formula  (2A  +  2B)  and  given  in 
column  A  of  the  table  show  usually  a  striking  uniformity  with  those 
obtained  with  the  first  formula,  tA,  and  likewise  a  closer  approxima- 
tion to  the  Du  Bois  values  than  the  Meeh  values.  This  uniformity 
in  the  values  as  computed  by  the  formulas  irA  and  2A  +2B  appears 
throughout  practically  the  entire  series,  the  greatest  discrepancies 
being  shown  with  the  two  obese  individuals,  nos.  1  and  15.  Numerous 
other  interesting  relationships  were  established  between  the  various 
cross-section  photographs,  their  perimeters,  the  Du  Bois  formula,  and 
the  area  computed  from  the  Meeh  formula. 

As  an  inspection  of  the  values  obtained  by  means  of  the  formula 
tA  shows  that  the  results  were  invariably  somewhat  lower  than  those 
found  with  the  Du  Bois  linear  formula,  it  is  obvious  that  a  factor 
somewhat  larger  than  x  is  essential  for  computing  the  true  surface 
area  from  the  cross-section  photographs  of  the  subjects  in  pose  A. 
To  obtain  this  factor  the  values  found  by  the  Du  Bois  formula  were 
divided  by  the  values  given  in  column  d  for  the  areas  of  the  photo- 
graphs of  the  pose  A.  The  results  of  this  computation  are  given  in 
column  k  and  are  in  all  cases  higher  than  «-,  ranging  from  3.21  to  3.89, 
with  an  average  value  for  the  20  subjects  of  3.48.  Using  this  con- 
stant alone,  therefore,  we  may  compute  the  body  surfaces  of  this  hetero- 
geneous group  of  individuals,  with  very  wide  variations  in  body  con- 
tour, weight,  and  height,  and  obtain  results  varying  only  from  -j-  11.6 
to  —7.7  per  cent  from  the  true  body  surface,  a  majority  of  the  values 
lying  within  *  4  per  cent. 

Using  the  area  of  the  photograph  in  pose  B  as  the  basis,  and  dividing 
the  total  areas  as  computed  by  the  Du  Bois  formula  by  the  areas  of 
the  pose  B  photographs  as  found  with  the  planimeter,  we  obtained  the 
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constants  recorded  in  column  l.  As  would  naturally  be  expected  in 
view  of  the  smaller  area  shown  in  pose  B,  we  find  that  the  constants 
are  somewhat  higher-than  those  for  pose  A,  ranging  from  5.65  for 
subject  13  to  6.25  for  subject  17  (the  artist's  model),  with  an  average 
value  of  5.97,  The  variation  from  the  average  is  even  less  for  pose  B 
than  for  pose  A,  being  at  the  most  approximately  ±  5  per  cent.  With 
either  series  of  constants,  but  especially  with  the  second,  values  much 
nearer  to  the  true  body  surface  may  thus  be  obtained  than  with  the 
Meeb  formiila. 

When  we  compute  the  values  from  the  areas  obtained  from  the  plani- 
metered  surface  of  pose  C,  we  find  even  more  concordant  resulta  (see 
colmnn  m  of  table  1).  These  values  range  from  4.79  with  subject  13 
to  5.22  with  subject  16,  the  obese  girl;  the  average  value  is  5.02.  The 
extraordinary  constancy  exhibited  by  these  values  is  certainly  most 
difficult  to  explain.  It  may  be  shown  more  clearly  if  we  use  this  con- 
stant of  5.02  to  compute  the  surface  area  from  the  planimetered  area 
of  pose  C  for  each  subject  and  compare  the  results  (5.02  C)  with  the 
values  obtained  from  the  Du  Bois  measurements  and  the  Du  Bois 
formula.  This  comparison  is  made  in  columns  n  and  o  of  table  1  in 
which  we  find  that  of  the  20  subjects  three  show  values  in  practically 
perfect  agreement  with  the  true  area  as  determined  by  the  Du  Bois 
formula,  ten  vary  only  1  per  cent,  three  2  per  cent,  one  3  per  cent,  two 
4  per  cent,  and  one  5  per  cent.  We  see,  therefore,  that  the  maximum 
error  in  using  this  constant  is  5  per  cent;  the  average  error  with  this 
factor  is  ±  1.6  per  cent.  In  view  of  the  fact  that  the  data  for  the  sub- 
jects given  in  table  1  are  arranged  in  order  of  the  decreasing  body 
weight  and  hence  approximately  in  order  of  the  decreasing  body  sur- 
face, it  is  astonishing  to  note  the  distribution  of  the  agreement  of  the 
computed  values  with  the  true  body  surface.  The  largest  man  and 
the  smallest  man  both  show  nearly  perfect  agreement;  the  same  hap- 
pens to  hold  true  for  the  largest  and  smallest  of  the  relatively  few 
female  subjects.  It  will  be  seen  from  these  computed  values  that  a 
singularly  constant  relationship  exists  between  the  true  body  sur- 
face as  measured  by  the  Du  Bois  formula  and  the  area  of  a  silhouette 
photograph  of  a  side  view  of  the  body  with  the  left  arm  extended.  In 
addition  to  supplying  an  accurate  basis  for  body  surface  measure- 
ments the  silhouette  gives  ocular  evidence  of  the  general  configuration 
of  the  body,  a  factor  of  especial  value  in  oliservations  on  obese,  ema- 
ciated, and  abnormal  individuals. 
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Primarily  with  the  object  of  securing  measurements  for  a  subject 
who  had  undergone  a  31-day  fast,  a  photc^raphic  method  was  de- 
veloped to  establish  the  relationship  between  the  area  of  the  body 
computed  from  certain  definite  photographic  poses  (particularly  a 
side  view  with  arm  extended)  and  that  actually  measured  by  the 
Du  Bois  linear  formida.  A  method  for  securing  accurate  measure- 
ments of  the  body  area  resulted.  Comparisons  between  the  photo- 
graphed areas  and  the  body  surface  as  computed  from  the  Du  Bois 
linear  formula  show,  even  with  the  most  diverse  configuratioos  of 
body,  a  constancy  rarely  observed  in  anatomical  measurements  or  in 
computed  ratios  based  upon  such  measurements. 
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One  of  the  earliest  outcomes  of  an  attempt  to  explain  the  relatively 
higher  food  demands  of  small  animals  of  a  given  species  as  compared 
with  those  of  larger  animals  of  the  same  species  was  the  fonnulation 
by  Bei^mann  (1)  of  the  generalization  that  the  beat  production  of  a 
body  is  proportional  to  its  surface.  No  direct  experimentat  evidence 
bearing  upon  this  particular  point  appeared  until  40  years  later,  when 
Rubner  (2)  in  his  classical  research  on  animal  calorimetry,  muntained 
that  the  heat  lost  from  living  organisms  is  essentially  constaot  per  unit 
of  body  surface.  While  this  constancy  in  relationship  between  body 
surface  and  heat  production  is  the  dominant  note  in  Rubner's  writings, 
it  is  well  to  remember  that  in  several  instances  he  writes  as  if  a  causal 
relationship  between  body  surface  and  heat  production  was  by  do  means 
thoroughly  established.  On  the  other  hand,  Richet  (3)  in  his  writings 
published  about  the  same  time,  stated  without  qualification,  that  the 
beat  production  of  a  warm-blooded  organism  is  determined  by  its  body 
surface. 

The  apparent  establisbing  by  Rubner  of  a  simple  mathematical  rela- 
tioosbip  between  body  surface  and  total  metabolism  became  naturally 
the  subject  of  much  discussion.  The  range  in  the  animal  kingdom 
over  which  this  supposed  law  extended  was  indeed  astooisbitig,  the 
interesting  computations  of  E.  Voit  (4)  appearing  to  show  that  animals 
ranging  in  size  from  a  2-kilogram  fowl  to  a  441-kilogram  horse  have 
essentially  the  same  heat  production  per  square  meter  of  body  surface, 
namely,  970  calories  per  24  hours. 

It  is  true  that  marked  variations  from  the  general  law  were  soon 
noted  but  attempts  were  made  to  explain  these  discrepancies  by  the 
nature  of  the  integument,  the  density  of  the  fur  and  hair  coverings, 
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and  TariatioDS  in  the  amount  of  body  surface  exposed;  in  this  connec- 
tion we  frequently  find  in  the  text  of  the  earlier  writers  such  state- 
ments as  the  following  from  Rubner:  "  W&rmeabgebende  Flfiche  und 
Hautfi&che  sind  ewei  sehr  verschiedene  Dinge."  (5) 

The  members  of  the  Zunts  school  in  Berlin  were  extremely  cautious 
about  accepting  the  general  thesis  as  to  the  relation  between  body 
surface  and  metabolism.  As  possibly  representative  of  this  we  may 
quote  the  following  expression  from  Magnus-Levy  and  Ernst  Falk  (6). 

Welche  inneren  Uruchen  dievem  Geaetie  lu  Gruude  liegen,  ob  die  behftuptete 
AbhSngigkeit  eine  directs  oder  indirecte  ist,  haben  wir  bier  nicbt  lu  erOrtero; 
wir  wollen  blom  prflfen,  ob  unsere  Zahlen  mit  dieaer  Ann&hme  Qbereinitiiflmen 
oder  nicbt.  Eine  aiuftUirliche  kritiBche  und  theoratiBche  Brtrtemng  der  obigeo 
Lehre  findet  sich  in  T.  HoeHslin's  (7)  gedankenreiehem  AufsAtao:  "Ueber  die 
Urnche  der  scheinbaren  Abhingigkeit  defl  Umastaes  von  der  GtOaae  der  K6r- 
peroberfliehe." 

Von  Hoesslin's  paper  attracted  considerable  attention  but  the  general 
view  that  the  body  surface  determines  the  metabolism  has  predomi- 
nated essentially  since  that  time.  The  relationship  between  the  body 
surface  and  Newton's  law  of  cooling  was  perhaps  more  emphasized  by 
the  members  of  the  French  school  than  by  the  Gennans;  yet  when  the 
influence  of  environmental  temperature  was  studied,  difficulties  were 
immediately  encountered  and  we  find  certain  interesting  considerations 
brou^t  out  by  d'Arsonval  (8)  in  an  article  giving  a  summary  of  his 
numerous  investigations  covering  a  period  of  six  years.  In  discussing 
the  fact  that  certain  animals  show  abnormal  relationships  between  the 
environmental  temperature  and  their  body  temperature,  he  introduces 
the  following  significant  sentence : 

Cela  tient  ^videnunent  i  ce  que  la  surface  rayonnante  pkj/tioloffiqiie  de  I'aninial 
n'est  paa  conatante  comme  aa  surface  phynque.  Aux  basses  temperatures,  le 
phtoomine  se  eomplique  d'une  constriction  rasculaire  p£riph6rique,  qui  restreint 
consid4rableinent  le  pouroir  rayoonant  de  ranimsl  k  ^galiW  de  surface  phytiqut. 
Cela  montre  .que  la  conDoissance  de  la  surface  gfoto^trique  d'un  animal  est 
inauflSsante  pourqu'on  en  puiase  dMuire  la  perte  par  rayonnement;  il  faut  encore 
tentr  compte  de  I'^tat  de  la  circulation  p4ripb4rique. 

Finally,  a  hint  of  the  extremes  to  which  too  strict  an  adherence  to  the 
law  of  body  surface  may  lead  us  is  given  in  Potter's  contention  (9) 
that  we  should  take  into  consideration  the  "active"  surface,  i.e.,  the 
cell  surfaces  of  the  various  organs  of  the  body,  Piltter  maintaining  that 
the  enei^  consumption  is  proportional  not  to  the  body  surface  but  to 
the  area  of  the  lung  surface. 
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In  this  connection  it  should  certainly  be  poiiAed  out  that  a  not  incon- 
siderable proportion  of  the  total  heat  output  of  the  day  is  given  off 
from  the  lungs  through  the  wanning  of  the  air  and  through  the  vapori- 
zation of  water.  No  system  of  body  surface  measurement  with  which 
we  are  thus  far  familiar  takes  into  consideration  this  rather  important 
factor.  It  has  been  computed  as  a  result  of  a  large  number  of  experi- 
ments with  human  subjects  at  rest,  either  with  or  without  food,that 
from  11  to  12  per  cent  of  the  total  heat  output  of  the  day  is  required  to 
heat  the  inspired  air  and  to  vaporize  the  water  in  the  Iung8(10).  It 
has  hkewise  been  computed  that  only  about  75  per  cent  of  the  total 
heat  is  given  off  by  radiation  and  conduction,  and  approximately  12 
per  cent  by  water  vaporized  from  the  skin.  Certainly  the  11  to  12 
per  cent  of  the  total  heat  produced  which  is  required  to  warm  the 
inspired  air  and  to  vaporize  the  water  in  the  lungs — two  factors  that 
have  no  relation  whatsoever  to  body  surface — is  not,  so  far  as  we  are 
aware,  considered  in  any  discussion  of  body  surface  in  its  relation  to 
basal  metabolism. 

It  is  thus  clear  that  there  has  been  at  no  time  a  fixed  interpretation 
of  the  relationship  between  body  surface  and  heat  production  for  even 
its  most  ardent  advocates  have  at  times  called  attention  to  noticeable 
abnormalities.  Unfortunately  many  modem  writers  are  not  so  con- 
servative in  their  expressions  as  to  the  cause  for  this  relationship 
between  body  surface  and  heat  production  as  were  the  earlier  writers. 
In  his  deservedly  oft-cited  contribution  on  respiration  to  Schaefer's 
Physiology  Pembrey  says  (11): 

Now  small  mammals  aod  birds  have  a  temperature  equal  to  or  evea  higher 
than  that  of  targe  animals  of  the  same  claBSes;  and,  od  account  of  the  relativetf 
greater  surface  which  they  expose  for  the  loss  ot  heat,  they  must  have  a  rela- 
tively far  greater  production  of  heat  than  the  large  animals,  for  there  is  gen- 
erally no  marked  differeace  in  the  protective  coat  of  fur  or  feathers. 

Although  Lefgvre  specifically  states  that  the  appUcation  of  the  law 
of  Newton  to  living  animals  is  illusory  (12)  nevertheless  in  his  discus- 
sion of  the  production  of  heat  per  unit  of  surface  the  following  state- 
ment appears: 

La  production  chec  I'hom^otherme  est  en  iguation  avec  la  perte  calorique. 
Or,  i.  pouvoir  £mimif  ^al,  Is  d^perdition  est  ^videmmeDt  proportiooaelle  i  la 
surface  rayoonante.  La  production  calorique  (c'est-6-dire,  chei  I'organisme  en 
^uilibre  et  au  repos,  le  besoia  d'6nergie)  est  done  proportionnelle  k  I'^tendoe 
de  la  surface  totale  du  corps  (13). 
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Furthermore,  Professor  H.  P.  Annsby,  imdoubtedly  the  foremost 
writer  in  America  on  animal  nutrition,  states: 

The  results  which  we  have  been  considering  show  that  in  general  the  emisaiou 
constant,  i.e.,  the  rate  of  heat  etniasion  per  unit  of  surface,  is  substantially  the 
same  in  small  and  large  animala,  and  that  the  greater  loss  of  heat  in  the  former 
case  is  met  by  an  increased  production.  In  this  aspect  the  effect  is  simply  an 
extension  of  the  influence  of  falling  temperature,  the  increased  demand  for  heat 
being  met  by  an  increased  supply,  so  that  the  extent  of  surface  appears  as  the 
determining  factor  of  the  amount  of  metabolism  (14). 

Even  in  current  (1915)  literature  we  find  such  statements  as  the 
following: 

Rubner's  law,  to  quote  from  Lusk,  is  that  "the  metabolism  is  proportional  to 
the  superficial  area  of  an  aniinal.  In  other  words,  the  metabolism  varies  as  the 
amount  of  heat  lose  at  the  surface,  and  its  variance  in  accordance  with  this  law 
is  necessary  for  the  maintenance  of  a  constant  temperature"  (15). 

In  a  popular  textbook  on  nutrition  we  also  find: 

Since  the  body  loses  heat  in  proportion  to  the  eitenaion  of  its  surface,  it  is 
not  strange  that  this  is  the  determining  factor  for  the  metabolism  (16). 

Between  1885  and  1915  practically  no  direct  comparison  of  measured 
body  surface  and  metabolism  was  made.  The  technique  for  body  sur- 
face measurements  is  very  comphcated  and  investigators  as  a  whole 
have  accepted  the  measurements  of  Meeh  (17)  in  which  the  body 
surface  is  equal  to  the  two-thirds  power  of  the  weight  multiphed  by  a 
constant  which,  for  man,  is  12.312.  The  constants  for  animals,  which 
figure  so  prominently  in  E.  Voit's  (18)  remarkable  calculations  appar- 
ently demonstrating  the  universaUty  of  the  law,  have  rested  undis- 
turbed in  the  textbooks  for  many  years,  together  with  that  for  human 
organisms,  and  have  rarely  been  questioned.  On  the  other  hand  they 
have  frequently  had  to  bear  the  brunt  of  the  explanation  for  seeming 
discrepancies  in  the  application  of  the  law,  a  good  illustration  of  this 
being  the  attempted  explanation  of  the  difference  in  metabolism  between 
atrophic  and  normal  infants  on  the  ground  that,  with  atrophies,  there  is 
a  disproportion  between  weight  and  surface  (19). 

The  recent  observations  of  Moulton  (20)  are  also  not  without  sig- 
nificance in  connection  with  the  possibility  of  errors  in  the  factors  for 
obtaining  the  true  body  surface. 

Recognizing  the  probable  errors  in  the  values  given  by  the  Meeh 
formula  and  stimulated  by  a  desire  to  correlate  basal  metabolism  and 
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body  surface  more  exactly,  D.  and  E.  F.  Du  Bois  (21)  have  developed 
an  exact  linear  fonuula  which  is  destined  to  revolutionize  completely 
our  conception  of  body  surface.  With  this  formula  it  may  be  said  that, 
given  certain  body  measurements,  the  body  surface  of  any  human 
individual  may  be  calculated  with  an  unusual  degree  of  accuracy; 
furthermore,  a  photi^apbic  method  for  measuring  the  body  surface 
which  has  recently  been  developed  in  the  Nutrition  Laboratory  (22) 
fuUy  confirms  the  fundamentality  of  the  formula.  In  the  hands  of  the 
Du  Boises  and  those  trained  under  them,  the  measurements  are  cer- 
tainly made  with  accuracy  and  expedition.  Cnfortunately  they  do  not 
give  one  any  conception  of  the  general  configuration  of  the  body 
measured,  even  when  accompanied  by  records  of  weight  and  height, 
the  two  factors  most  commonly  reported  in  metabolism  studies.  That 
the  Du  Boises  have  succeeded  in  substituting  for  the  admittedly  uncer- 
tain Meeh  formula  a  method  of  measurement  having  a  degree  of 
accuracy  rare  in  anatomical  measurements  is  a  cause  for  congratula- 
tion. Their  contribution  to  body  surface  measurement  awakens  new 
interest  in  the  relationship  between  body  surface  and  metabolism. 

It  is  the  consensus  of  opinion  of  physiologists  that  the  preferable 
basis  of  measurement  for  the  metabolism  of  human  oi^nisms  is  not 
per  kilc^ram  of  body  weight  but  per  square  meter  of  body  surface.  The 
evidence  secured  in  this  laboratory  leads  us  to  beUeve  that  this  is  due 
not  to  the  loss  of  heat  from  the  body  surface  but  to  the  fact  that  the 
body  surface  is  a  better  index  ^of  the  general  law  of  growth,  in  full 
conformity  with  the  principle  laid  down  by  v.  Hoesslin  (23). 

The  specific  purpose  of  determining  the  body  surface,  therefore,  is 
that  it  may  be  used  for  computing  the  heat  production  per  unit  of 
surface  as  a  basis  for  comparison  between  various  individuals.  In  this 
method  of  comparison  a  value  for  basal  metabolism  which  is  derived 
from  the  average  results  obtained  with  a  large  number  of  persons  has 
been  suggested  as  the  "normal"  or  "standard"  value  to  be  applied  to 
each  individual  case.  It  will  be  seen  that  a  prerequisite  for  such  a 
method  is  an  exact  knowledge  of  the  surface  area.  This  method  aiao 
assumes  a  universality  in  the  application  of  the  law  of  surface  area. 

The  beUef  in  tiiis  universal  applicability  of  the  so-called  law  of  sur- 
face area  is  so  widespread  that  we  find  a  strong  tendency  among  phy^- 
ologists  to  apply  the  law  upon  all  occasions.  If  there  is  a  law  of  sur- 
face area,  i.e.,  if  the  heat  production  of  the  Uving  animal  is  proportional 
to  its  surface  area,  we  should  examine  the  results  of  metaboUam  studies 
closely  to  find  out  to  what  extent  this  law  may  be  appUed  and  more 
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especially  to  find  out  if  the  metaboliatn  of  human  individuaU  maintains 
a  strict  proportionality  to  body  surface. 

Several  researches  carried  out  in  this  laboratory  will,  it  is  believed, 
contribute  extensively  to  our  knowledge  of  the  relatioDsbip  between 
body  surface  and  tnetaboliam.  In  accumulating  experimental  evidence 
on  the  normal  metabolism  of  men  and  women  at  the  Nutrition  Labora- 
tory, we  have  strongly  contended  against  the  generally  accepted  view 
of  a  causal  relationship  between  body  surface  and  heat  production, 
and  an  attempt  was  made  in  a  series  of  papers  recently  published  to 
clarify  the  situation  by  an  analysis  of  the  basal  metabolism  of  89  men 
and  68  women  (24).  The  primary  object  of  this  series  of  papers  was 
to  discuss  the  probable  factors  controlling  basal  metabolism  and  it 
was  frankly  stated  that  the  loss  of  heat  from  the  body  surface  could  not 
be  considered  as  the  determining  factor.  Unfortxmately  these  papers 
have  been  interpreted,  in  part  at  least,  as  discouraging  any  efforts 
to  secure  accurate  measurements  of  body  surface.  This  was  far  from 
the  intention  of  the  writers.  The  accurate  measurement  of  body  sur- 
face is  an  important  physiological  problem,  solved  in  a  highly  credit- 
able manner  by  E.  F.  and  D.  Du  Bois.  The  use  of  body  surface  as 
an  index  of  basal  metabolism  is  a  wholly  diiferent  problem.  That 
there  is  a  relationship  between  the  body  surface  and  metabolism  no  one 
can  deny.  That  this  relationship  is  causal  or  sufficiently  exact  tobe 
designated  as  a  physiolt^cal  law  may  be  furly  questioned. 

As  a  result  of  the  interpretation  of  the  values  obtained  with  normal 
men  and  w<m>en,  oertun  factors,  such  as  sex,  age,  and  athletic  training, 
were  demonstrated  as  affecting  the  basal  metabolism,  even  on  the  basis 
of  per  square  meter  of  body  surface,  thus  showing  that  there  are  dis- 
tinct exceptions  to  the  so-called  body  surface  law.  It  is  of  interest 
to  note  that  the  existence  of  three  of  these  factors  has  been  admitted 
by  other  writers. 

In  an  experiment  carried  out  upon  a  dog  which  was  confined  to  the 
laboratory  for  several  months  and  which  did  not  lose  weight,  it  was 
proved  (25)  that  the  metabolism  decreased  very  considerably  (19 
per  cent).  When  the  dog  was  again  allowed  country  life,  her  metabol- 
ism returned  to  essentially  its  original  value  but  the  body  weight  was 
undiai^ed.  Here  evidently  there  was  a  constancy  in  the  body  sur- 
face but  a  noticeable  difference  in  the  heat  production  per  square 
meter  of  body  surface.  We  therefore  have  still  another  demonstrated 
factor  affecting  basal  metabolism  and  vitiating  the  universal  applica- 
bility of  the  body  surface  law. 
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As  an  index  of  the  caution  exhibited  by  Rubner  in  presenting  thia 
law  we  have  the  following  interesting  statement: 

Dm  OberflScheogeaeti  gjit  unter  &llen  pbysiologisoheii  Lebenabedingungen, 
■u  seinem  Beweise  ist  aber  aiangemisse  Voraiusetiung,  dasB  nur  Organismea  mit 
gleich&rtigea  physJologischeD  Lebtungen,  was  Ernfhning,  klimatteche  EinflOoM, 
Temperameat  und  Arbeitaleistuiig  triSt,  verglichen  werden  (36). 

As  a  matter  of  fact  this  particular  quotation  has  been  cited  in  adverse 
critidsm  of  conclusions  from  thid  laboratory  r^arding  the  compari- 
son of  the  basal  metabolism  of  normal  and  atrophic  infants.  In  other 
words,  judged  upon  this  basis,  the  body  surface  law  could  not  be  ex- 
pected to  hold  with  individuals  under  different  physiolt^cal  conditions. 

At  the  time  that  our  analysis  of  normal  data  was  made,  our  only 
knowledge  of  body  surface  was  that  supplied  by  the  antiquated  for- 
mula of  Meeh ;  in  view  of  the  development  of  later  and  more  exact  methods 
of  measurement,  a  re-analysis  of  the  large  mass  of  metabolism  measure- 
ments is  certainly  necessary.  If  correction  is  made  for  the  gross  err<H? 
in  the  Meeh  formula  it  is  conceivable  that  the  discrepancy  between 
heat  production  and  body  surface  may  be  reduced  or,  indeed,  wholly 
disappear.  But  the  revision  of  the  earlier  formulas  throws  discredit 
upon  the  previous  selection  of  constants  and  if  the  errors  in  the  Meeh 
formula  are  so  large  as  those  pointed  out  by  the  Du  Boises,  one  may 
also  reasonably  question  the  formulas  for  lower  animals;  it  is  thus 
probable  that  the  final  computations  of  E.  Voit  may  likewise  need  a 
radical  revision. 

It  should  be  noted,  however,  that  in  our  analysis  of  normal  material 
and  in  the  comparisons  of  diabetics  and  normal  subjects,  vegetarians 
and  non-vegetarians,  athletes  and  non-athletes,  another  method  of 
comparison  was  used  which  is  entirely  independent  of  surface  area 
measurements.  Thia  may  be  designated  as  the  "group  system"  of 
comparisoq,  by  which  the  metabolism  of  groups  of  persons  of  like 
height  and  weight  are  compared  on  the  fundamental  assumption  that 
individuals  of  like  height  and  weight  have  the  same  general  growth 
relations.  Thus  far  no  method  of  measurement  that  has  been  proposed 
affects  the  reliability  of  such  a  procedure  and  no  existing  experimental 
evidence  diminishes  in  any  way  one's  confidence  in  this  form  of 
comparison. 

With  the  new-born  infants  that  we  have  studied  in  this  laboratory, 
many  of  the  complex  factors,  such  as  age,  variations  in  muscular  activity, 
changes  in  diet,  etc.,  which  apply  to  adults,  also  the  variations  in  growth. 
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are  eliminated;  hence  it  seemed  desirable  to  study  the  influence  of 
variations  in  the  body  surface  upon  the  metabolism  of  these  infants. 
Using  the  lissauer  formula,  in  which  the  constant  differs  somewhat 
from  that  in  the  Meeh  formula,  we  found  no  obvious  relationship 
between  normal  and  atrophic  infants  and  no  approximation  to  a  physio- 
Ic^cal  'Taw"  was  observed  until  infants  between  one  day  and  six 
days  old  were  studied.  At  that  age  it  was  found  that  if  the  heat  pro- 
duction per  square  meter  of  body  surface  per  24  hours,  as  computed  by 
the  Lissauer  formula,  was  divided  by  the  length  of  the  infant  a  relatively 
constant  factor  of  12.65  calories  was  obtained. 

We  still  beUeve  that  the  method  of  group  comparison  used  for  dia- 
betics, athletes,  vegetarians,  and  men  and  women  is  fundamentally 
sound.  For  a  true  knowledge  of  the  heat  production  in  various  dis> 
eases  there  is  no  reason  why  the  group  system  of  comparison  should 
not  be  employed  as  but  little  definite  information  may  be  expected 
until  a  considerable  number  of  cases  of  the  particular  disease  to  be 
studied  is  obtained.  For  a  study  of  the  metabolism  during  prolonged 
fasting,  however,  it  is  impracticable  to  obtain  a  sufficient  number  of 
cases  to  permit  the  use  of  this  method;  consequently  a  31-day  fasting 
experiment  made  in  this  laboratory  has  a  particular  interest  in  this 
connection  (27).  The  differences  in  the  metabolima  shown  in  this  fast- 
ing experiment  during  complete  muscular  repose  were  so  striking  and 
the  bearing  of  these  variations  upon  the  law  of  surface  area  is  so  great 
that  an  accurate  determination  of  the  body  surface  of  the  man  as  the 
fast  progressed  is  essential  for  comparative  purposes  since  it  is  obviously 
impossible  to  make  a  group  comparison  for  each  stage  of  the  fast. 

While  from  time  to  time  constancy  or  equaUty  in  the  condition  of 
nutrition  has  been  emphasized  as  a  prerequisite  when  the  law  of  surface 
area  is  to  be  appUed,  nevertheless  this  has  by  no  means  been  generally 
considered  as  a  necessity,  and  we  find  current  practice  tends  to  accept 
the  universality  of  this  law  irrespective  of  whether  the  individual  is 
poorly  or  well  nourished.  Information  with  regard  to  the  metabolism 
of  individuals  that  are  well  or  poorly  nourished  is,  for  the  most  part, 
obtained  by  observations  on  different  individuals.  But  during  pro- 
longed fasting  we  may  observe  in  the  same  individual  changes  in  the 
plane  of  nutrition  fully  comparable  to  those  roughly  characterized  as 
pooriy  or  well  nourished.  It  is  thus  seen  that  during  prolonged  fasting 
simultaneous  measurements  of  the  body  surface  and  the  basal  metabo- 
lism of  the  subject  have  an  unusual  value. 

A  study  of  the  relationships  of  body  weight,  body  surface,  and  basal 
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metabolism  during  fasting  is  all  the  more  important  when  it  is  remem- 
bered that  it  is  commonly  believed  that  the  fasting  animal  rapidly  ad- 
justs itself  to  the  minimum  metabolism.  The  results  of  earlier  ex- 
periments on  the  dog,  the  cock,  and  the  guinea  pig  (28)  indicate  that 
per  kUogram  of  body  weight  the  fasting  metabolism  is  constant.  With 
the  fasting  man  studied  in  this  laboratory  the  metabolism  per  kilo- 
gram of  body  weight  did  not  indicate  constant  values,  although  the 
measurements  were  made  under  identical  conditions  of  muscular  re- 
pose. This  lack  of  constancy  on  the  basis  of  per  kilogram  of  body 
weight  led  to  the  computation  of  the  metabolism  on  the  basis  of  per 
square  meter  of  body  surface,  the  body  surface  being  determined  by 
means  of  the  Meeh  formula.  But  these  values  likewise  showed  no 
constancy. 

During  so  long  a  fast  as  this  there  was  naturally  a  marked  change  in 
the  body  weight  and  a  change  in  the  configuration  of  the  body.  Ac- 
cording to  tradition  any  disturbances  in  the  relationship  between 
body  surface  and  heat  production  could  be  attributed  to  a  possiUe 
disturbance  in  the  relationship  between  body  wei^t  and  the  com- 
puted body  surface.  Although  in  the  discussion  of  the  results  due  con- 
sideration was  given  to  the  possibility  of  such  a  disturbance  in  the  re- 
lationship betw^n  body  weight  and  body  surface  as  the  fast  progressed, 
yet,  using  Meeh's  formula  for  computing  the  body  surface — the  only 
one  available  at  that  time — we  found  a  large  loss  in  the  heat  production 
per  square  meter  of  body  s  irface  during  the  progress  of  the  fast,  with 
variations  towards  the  end  which  indicate  a  distinct  change  in  the 
stimulus  to  the  metabolic  activity  of  the  whole  body.  While  it  is 
highly  improbable  that  an  error  in  the  Meeh  formula  would  make  it 
so  inappUcable  to  the  same  individual  at  the  beginning  and  end  of  a 
31-day  fast  as  to  invalidate  completely  the  differences  in  the  metabolism 
found  on  different  days,  nevertheless,  as  was  pointed  out  in  the  dis- 
cussion of  the  subject,  (29)  the  metabolism  of  this  man  per  square 
meter  of  body  surface  as  measured  by  the  Meeh  formula  is  undoubtedly 
erroneous  so  far  as  its  absolute  value  is  concerned  and,  in  all  probability, 
is  somewhat  erroneous  so  far  as  the  differences  are  concerned. 

In  view  of  the  variations  in  the  metabolism  per  square  meter  of  body 
surface  shown  by  this  fasting  subject  when  computed  on  the  Meeh 
basis,  it  seems  all  the  more  important  to  obtain  accurate  measurements 
of  the  body  surface  of  this  man  by  the  new  method  of  the  Du  Boises. 
The  anthropometric  measurements  made  of  the  subject  at  the  time 
of  the  fast  (30)  do  not  give  the  data  required  by  the  Du  Bois  linear 
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formula.  It  has  been  possible,  however,  by  employing  a  photographic 
method  recently  developed  in  the  Nutrition  Laboratory  (31),  to  re- 
compute the  body  surface  from  a  series  of  anatomical  photographs  taken 
of  the  fasting  man  at  intervals  during  the  study  (32).  The  body  area 
shown  in  the  photographs  was  measured  with  an  accurate  planimeter. 
Similar  measurements  were  mode  of  photographs  of  a  niunber  of  nor- 
mal individuals  whose  body  area  had  been  determined  by  the  Du  Bois 
formula.  With  the  results  obtained  from  these  photographs  and  from 
the  planimetered  photographs  of  the  fasting  subject,  the  body  surface 
of  the  fasting  man  could  be  obtained  by  a  simple  proportion.*  We 
were  thus  able  by  an  indirect  method  to  revise  the  values  for  the  body 
surface  at  different  stages  of  the  fast. 

Since  the  metabolism  of  the  subject  of  this  31-day  fasting  experiment 
has  a  special  mgnificance  in  its  bearing  upon  the  legaUty  of  comparing 
directly  the  basal  metaboliom  of  a  general  group  ol  normal,  robust 
individuals  with  that  of  a  group  of  individuals  emaciated  by  disease, 
the  heat  production  per  square  meter  of  body  surface  of  our  subject 
during  his  31-day  fast  has  been  rectmiputed  on  the  basis  of  these  new 
values  for  body  surface  and  the  results  obtained  are  here  discussed. 

'  It  should  be  stated  here  that  the  technique  and  poses  used  in  taking  the 
photographs  of  the  fasting  man  wen  not  those  finally  decided  upon  as  the  most 
satisfactory  for  the  photographic  method.  Accordingly  the  photograpfaa  of  nor- 
mol  subjects  used  for  comparison  were  those  taken  in  the  e&rlier  stages  of  tlie 
development  of  the  pbotogr^hic  method  in  which  the  posea  were  similar  to 
those  used  with  the  fasting  man.  This  fact  is  specially  emphasised,  since  photo- 
gr^hing  the  body  against  a  white  sheet,  as  described  under  "Technique"  in  the 
description  of  the  method  published  in  the  accompanying  article  (Benedict,  this 
Journal,  1S16,  xli,  275),  was  a  later  development  of  the  photographic  method  of 
securing  a  measure  of  the  body  surface. 

As  this  manuscript  goes  to  press  the  latest  contribution  of  the  Du  Boises  to 
the  technique  for  the  estimation  of  body  surface  has  appeared  in  the  form  of 
a  most  ingenious  height-weight  chart  (Amer.  Joum.  Med.  Sci.,  1S16,  cli,  781), 
based  fundainentally  upon  their  linear  formula  but  in  the  fioal  computations 
considering  simply  height  and  weight.  The  height-weight  chart  thus  gives  tacit 
assent  to  the  validity  of  our  earlier  assumption  that  individuals  of  like  weight 
and  like  height  have  the  same  surface  area  and  are  hence  perfectly  comparable. 
A  comparison  of  the  measured  surface  obtained  on  our  subjects  with  the  values 
found  in  the  height-weight  chart  shows  that  for  individuals  of  average  height 
and  weight  and,  indeed,  for  thin  individuals  the  agreement  is  very  satisfactory. 
Unfortunately,  for  thb  obese  this  is  not  invariably  the  case.  It  should  be  stated, 
however,  that  the  Du  Boises  have  not  projected  their  curve  to  include  distinctly 
obese  individuals.  It  is  of  especial  interest  in  this  connection  to  note  that  the 
areas  cm  the  Du  Botq  height-weight  chart  for  the  subject  of  the  prolonged  fast, 
A.  L.,  agree  perfectly  with  those  found  by  the  photographic  method. 
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In  this  study  of  a  fasting  man  absolutely  no  food  was  taken  by  the 
subject  for  31  dajrs  and  only  about  900  cc.  of  distilled  water  was  given 
him  daily.  The  heat  production  duhi^  the  night  was  measured  directly 
with  the  bed  calorimeter  for  each  of  the  31  n^ts.  It  was  likewise 
computed  indirectly  from  the  carbon-dioxide  excretion  and  oxygen 
consumption  during  the  same  period.  It  was  immediately  obeerved 
that  as  the  fast  progressed  there  was  a  very  noticeable  difference  in 
the  heat  production  from  night  to  n^t.  Thia  would  naturally  be 
expected,  since  the  individual  grew  smaller  each  day,  the  initial  weight 
being  not  far  from  60  kgm.,  while  the  final  weight  was  about  47.5 
kgm.  On  the  general  assumption  that  a  small  animal  will  give  off 
less  heat  than  a  large  animal,  a  quantitative  decrease  in  metabolisni 
would  thus  be  expected.  The  results  of  the  heat  measurements  of 
this  individual  have  been  considered  in  detail  elsewhere  and  refermce 
must  be  made  to  the  original  publication  (33)  for  the  methods  of  cal- 
culation and  for  the  discussion  of  the  heat  production  per  kilogram 
of  body  weight  in  which  an  attempt  was  made  to  reduce  the  observa- 
tions of  each  night  to  a  common  standard.  Only  the  metabolism  per 
square  meter  of  body  surface  is  considered  in  this  paper. 

The  subject  of  our  31-day  fasting  experiment  may  be  considered 
to  have  been  at  the  beginning  of  the  fast  a  normal  individual,  i.e.,  a 
person  in  presumably  good  health;  he  would  therefore  be  perfectly 
comparable  to  those  individuals  without  obvious  patholt^cal  lesioD 
who  have  also  been  studied  in  this  laboratory.  Duringthe  pn^ess 
of  the  fast  he  remained  (so  far  as  ocular  evidence  is  concerned)  for  the 
most  part  physiologically  normal.  The  strength  testa  made  with  the 
hand  dynamometer  during  the  fast  showed  practically  no  change  with 
the  right  hand  and  but  a  sl^t  fall  wth  the  left  hand,  although  there 
was  an  almost  immediate  evidence  of  fatigue  in  the  first  two  or  three 
days  of  the  fast.  While  there  was  naturally  a  certain  amount  of  weak- 
ness observable  in  the  last  few  days,  an  idea  of  the  strength  of  thisman 
may  be  obtained  from  the  fact  that  after  having  been  without  food  for 
31  days  he  spoke  extemporaneously  before  a  body  of  physicians  for 
approximately  three-quarters  of  an  hour,  standing  during  the  whole 
period  and  vigorously  gesticulating.  Later  in  the  day  he  actually 
sang  and  danced  at  times  in  anticipation  of  the  closing  of  his  long  fast. 
It  is  thus  clear  that  we  have  here  to  do  not  with  a  fasting  man  who  la 
ia  the  last  stage  of  emaciation  and  in  a  moribund  condition  but  with 
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ao  individual  who,  judged  from  ocular  evidence,  would  appear  not  at 
all  unlike  the  normally  onaciated  tyj>6  oi  individual. 

Furthermore,  the  body  temperature  during  the  fast  did  not  materially 
alter.  Indeed,  his  average  body  temperature  in  the  bed  calorimeter 
experiment  on  the  night  of  the  last  day  of  the  fast  was  but  0.3°C.  be- 
low that  of  the  night  of  the  second  day,  a  difference  in  body  temperature 
that  is  wholly  comparable  with  that  observed  by  Lusk  with  his  d<^ 
during  the  pre-cage  confinement,  just  after  prolonged  confinement,  and 
after  the  dog's  return  from  the  country.  In  other  words,  we  have  here 
no  marked  disturbance  of  the  body  temperature. 

Although  this  man's  pulse  was  distinctly  lower  at  the  end  of  the  fast 
than  at  the  beginning,  it  will  be  seen  that  he  underwent  the  31-day  fast 
without  a  great  loes  of  muscular  strength  or  a  material  alteration  of 
the  body  temperature.  In  spite  of  the  absence  of  these  distiu'bing 
factors  the  metabolism  when  computed  on  the  basis  of  p^  kilogram 
of  body  weight  showed  a  decided  loss  as  ibe  fast  progressed.  There 
was  also  a  loss  in  metabolism  per  square  meter  of  body  surface;  this  is 
shown  by  the  data  in  table  1,  in  which  are  given  the  nude  body  weight, 
the  body  surface  as  computed  by  the  Meeh  formula  and  from  the 
measurements  of  the  anatomical  photographs,  and  the  heat  production 
per  square  meter  of  body  surface  per  24  hours  as  based  upon  the  ob- 
servationB  with  the  bed  calorimeter  during  the  night.  In  computing 
the  heat  production  per  square  meter  of  body  surface  per  24  hours,  use 
has  been  made  oi  the  body  surface  as  computed  from  both  the  Meeh 
formula  and  the  photographic  measurements. 

It  will  be  seen  from  the  figures  given  in  table  1  that,  using  as  a  stand- 
ard the  body  surface  values  obtained  with  the  photographic  method, 
the  body  surface  as  computed  from  the  Meeh  formula  is  invariably 
too  laq^  and  consequently  the  heat  production  per  square  meter  com- 
puted from  this  measure  of  the  body  surface  is  too  small.  Disregard- 
ing the  last  food  day  prior  to  the  fast,  we  find  that  the  heat  production 
per  square  meter  per  24  hours  as  given  in  the  last  column  of  the  table 
ranges  from  927  islories  on  the  third  day  of  the  fast  to  as  low  as  664 
calories  on  the  twenty-first  day  of  the  fast,  representing  a  decrease 
in  the  heat  production  per  square  meter  of  body  surface  of  28  per  cent. 
Thereafter  there  was  a  distinct  tendency  for  the  heat  production  to 
increase. 

In  the  absence  of  any  marked  change  in  body  temperature  the  diffi- 
culty of  considering  the  loss  of  heat  from  the  surface  of  the  body  as 
the  determining  factor  in  the  metabolism  of  this  fasting  man  is  very 
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great.  Had  the  body  temperature  fallen  materially  the  explanation 
of  the  decrease  in  the  heat  production  could  easily  be  made  on  the  basis 
of  difference  in  temperature  potential.  No  such  explanation  is,  how- 
ever, at  hand. 

The  prerequisite  conditions  for  the  application  of  the  surface  law 
as  outlined  by  Rubner  (34)  are  somewhat  difficult  to  interpret.  If  a 
strict  insistence  is  laid  upoo  like  physiological  conditions,  such  as  nour- 
ishment, climatic  influences,  temperament,  and  capacity  for  work, 
Rubner  would  doubtless  maintain  that  the  law  could  not  be  expected 
to  apply  under  the  conditions  of  prolonged  fasting.  Yet  these  condi- 
tions are  by  no  means  incomparable  with  the  conditions  commonly 
existing  with  the  majority  of  pathological  Bubjects  with  whom  enormous 
variations  in  the  previously  mentioned  physiological  factors  are  in- 
variably found.  A  closer  examination  of  the  conditions  existing  dur- 
ing prolonged  fasting  is  not  without  interest  in  connection  with  the 
treatment  by  other  writers  of  the  results  of  our  studies  of  the  metabolism 
during  diabetes. 

In  reporting  an  extended  series  of  observations  made  in  the  Nutrition 
Laboratory  on  patients  with  severe  diabetes,  we  compared  the  metabo- 
lism of  the  diabetics  with  that  found  in  a  series  of  observations  with 
normal  individuals  of  like  height  and  weight,  i.e.,  of  a  somewhat  thin 
and  emaciated  tjrpe.  As  a  result  of  this  comparison  and  the  marked 
difference  in  metabolism  found  with  diabetics  when  acidosis  was  pres- 
ent as  compared  with  that  when  it  was  diminished  or  absent,  we  asserted 
that  diabetes  increased  the  metabolism  approximately  15  to  20  per 
cent  above  that  of  the  normal  individuals  with  whom  the  diabetics 
were  compared.  In  a  discussion  of  oiu-  assertion  in  which  the  wholly 
arbitrary  basis  of  comparison  was  used  of  a  normal  standard  value 
obtained  with  a  large  number  of  individuals  of  whom  the  greater  pro- 
portion were  in  full  vigor,  it  has  been  contended  (35)  that  the  ema- 
ciated diabetics  with  acidosis  showed  little  or  no  increase  in  metabolism. 
If  it  is  erroneous  to  apply  the  surface  area  law  to  a  normal  subject 
throughout  a  prolonged  fast,  it  is  difficult  to  see  the  vahdity  of  applying 
it  when  there  are  such  marked  variations  in  conditions  of  nourishment 
and  bodily  vigor  as  existed  between  the  large  group  of  normal  persons 
and  the  group  of  emaciated  diabetics.  In  fact,  it  has  been  demon- 
strated that  when  the  diabetics  are  without  acidosis  as,  for  example, 
when  following  the  remarkable  Allen  treatment,  the  metabolism  is 
distinctly  lower  (36)  than  with  acidosis,  so  that  unquestionably  the 
acidosis  per  m  materially  increases  the  metaboUsm. 
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With  the  fasting  iiidividxial  it  is  evident  that,  judged  by  the  Rubner 
specifications,  the  body  surface  law  may  not  be  expected  to  obtain; 
indeed,  we  find  it  does  not  obtain.  Nevertheless,  it  should  be  pointed 
out  that  the  differences  in  the  fasting  man  at  the  b^inning  and  end 
of  the  fast  are  by  no  means  so  great  as  the  differences  between  patho- 
logical individuals,  including  diabetics,  and  the  average  normal  vigor- 
ous individuals  from  whom  the  standard  of  comparison  proposed  by 
other  writers  has  been  derived. 

With  the  Meeh  formula  the  results  obtained  for  body  surface  were 
clearly  questionable,  especially  when  the  formula  was  applied  to  a  body 
of  changing  weight;  but  in  view  of  the  accuracy  of  the  Du  Bois  linear 
formula,  which  has  been  confirmed  by  the  photographic  method,  we 
may  now  accept  with  full  confidence  the  later  measurements  of  body 
surface  for  this  individual;  hence  the  values  obtained  for  the  heat  pro- 
duction as  given  in  the  last  column  of  table  1  probably  represent  with 
a  high  degree  of  accuracy  the  heat  production  per  square  meter  of 
body  surface  per  24  hours  under  approximately  comparable  conditions. 

To  account  for  this  great  difference  of  28  per  cent  in  the  heat  pro- 
duction per  unit  of  surface  area,  i.e.,  a  physiological  measurement  that 
not  only  is  presumed  in  general  to  give  constant  results  with  all  classes 
of  individuals,  if  not  indeed  with  all  warm-blooded  animals,  but  is 
now  specially  advocated  as  the  standard  for  measuring  variations  in 
the  metabolism  in  pathological  cases,  is  by  no  means  a  simple  task. 
It  is  certainly  clear  that  the  heat  production  of  this  individual  was  in 
no  sense  determined  by  his  skin  area  and  the  loss  of  beat  from  the 
skin.  Variations  in  body  temperature  also  fail  to  account  for  the 
change  in  the  heat  production.  The  fact  that  there  was  in  the  last 
week  of  the  fast  a  rise  in  the  metabolism  accompanied  by  a  rise  in  the 
pulse  rate  lends  stroi^  credence  to  the  behef  that  there  was  present 
a  stimulus  to  the  metabolism  which  was  in  a  way  indicated  by  the 
pulse  rate;  hence  we  must  reiterate  (37)  our  beUef  that  of  the  numer- 
ous factors  affecting  metabolism,  the  internal  stimulus  to  metaboUc 
activity  is  one  of  the  greatest. 

SUUMARY 

1.  An  historical  consideration  of  the  development  of  the  idea  of 
proportionahty  between  the  body  surface  area  and  heat  production 
shows  that  fundamentally  it  was  originally  based  upon  Newton's 
law  of  coohng.    The  idea  of  a  causal  relationship  between  body  surface 
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and  heat  productioD  is  strongly  emphasized  in  foreign  writings  and 
distinctly  to  be  inferred  from  those  of  a  number  of  American  writers. 
The  long  existing  doubts  as  to  the  validity  of  the  older  methods  for 
the  measurement  of  body  surface  have  been  fully  substantiated  by 
the  development  of  the  linear  formula  of  the  Du  Boises,  which  gives 
measurements  with  a  high  degree  of  accuracy. 

2.  Employing  a  photographic  method  recently  devised  for  measuring 
the  body  surface,  the  body  area  of  the  subject  of  a  31-day  fasting  ex- 
periment was  re-determined  and  used  in  recomputing  the  beat  produc- 
tion per  square  meter  of  body  surface.  The  values  obtained  showed 
a  decrease  similar  to  that  previously  found.  The  decrease  in  the  beat 
production  per  square  meter  of  body  surface  amounted  to  28  per  cent, 
a  decrease  that  can  be  interpreted  only  as  proof  of  the  inapplicability 
of  the  surface  area  law  to  subjects  with  widely  varying  states  of  nu- 
trition. This  shows  it  to  be  impossible  to  compare  a  standard  value 
obtained  with  a  large  number  of  robust,  normal  individuals  with  that 
obtained  with  emaciated  diabetica,  and  thus  supplies  strong  proof 
of  the  legitimacy  and  practicabihty  of  the  group  system  of  comparing 
pathological  cases  with  normal  individuals  of  like  height  and  weight, 
i.e.,  of  general  anatomical  and  morphological  similarity. 
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INTHODUCTOBT 

Id  1910,  Wybauw  (1)  and  Lewis  (2)  working  independently,  demon- 
strated that  in  the  mammalian  heart,  the  point  of  initial  excitation 
corresponds  to  thp  location  of  the  sino^uricular  node.  This  finding 
has  been  confirmed  by  Eyster  and  Meek  (3)  and  others.  Although 
Erianger  (4)  and  his  co-workers  have  placed  a  different  interpretation 
on  the  records  of  the  above  named  investigators,  the  view  is  generally 
held  that  the  normal  seat  of  impulse  formation,  is  the  sino-auricular 
node  and  more  particularly  the  head  of  this  node.  Granting  that  this 
view  is  essentially  correct,  the  excitatory  process  is  then  propagated 
from  this  area  by  muscle  tissue  to  all  parts  of  the  heart.  If  the  rate  of 
propagation  through  auricular  muscle  is  the  same  throughout,  it  may 
be  expected  that  parts  at  a  sufficiently  greater  distance  from  the  sino- 
auricular  node  than  nearby  parts,  would  show  an  appreciable  time  dif- 
ference in  the  onset  of  their  coptraction.  Thus  the  left  auricle,  though 
in  direct  and  common  muscular  connection  with  the  r^ht  auricle, 
may  be  expected  to  contract  later  than  the  right.  It  is  generally 
taught,  however,  that  the  contractions  of  the  two  auricles  are  syn- 
chronous. 

Yet  Chauveau  (5),  in  1894,  stated  that  "in  the  horse,  the  right  auri- 
cle begins  its  systole  an  appreciable  time  before  that  of  the  left  auricle." 
Later  Fredericq  (6)  took  up  the  question  and  demonstrated  the  same 
fact  in  the  dog's  heart.  Fredericq's  pupils — Schmidt-Nielsen  (7), 
Stassen  (8) — confirmed  his  findings.  The  correctness  of  this  state- 
ment has,  however,  been  disputed  by  Hirschfelder  and  Eyster  (9)  who 
attribute  Fredericq's  results  to  the  use  of  excised  hearts;  they  believe 
that  the  heart  in  situ  maintained  under  normal  conditions,  does  not 
show  any  time  interval  in  its  auricular  contractions  and  that  such  time 
300 
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interval  occurs  only  in  dying  hearts  or  in  hearts  suffering  in  their  nutri- 
tion. The  later  work  of  Fredericq  and  his  pupils,  was  done  on  hearts 
in  situ.  Hirschfelder  and  Eyster's  failure  to  demonstrate  any  time 
interval  between  the  two  auricular  contractions  may  have  been  due 
to  the  use  of  a  too  slowly  moving  kymt^aph  and  of  too  small  ■'  ni- 
mals.  Leontowitsch  (10)  likewise  disagrees  with  Fredericq  and  finds 
that  contractions  of  the  two  auricular  appendages  as  well  as  of  the 
atria  may  occur  in  various  sequences,  although  in  the  majority  of  his 
experiments  the  right  atrium  and  auricle  contracted  before  the  homony* 
mous  parts  on  the  left  side.  Recently,  Lewis,  Meakins  and  White 
(11),  tracing  the  course  of  the  excitatory  process  through  the  auricles 
by  the  method  of  primary  negativity,  came  to  the  conclusion  that 
"certain  portions  of  the  right  auricle  contract  before  certain  portions 
of  the  left  auricle,  and  vice  versa;"  that  it  is  therefore  "unprofitable" 
to  discuss  whether  it  be  the  right  or  the  left  auricle  that  first  contracts. 
While  individual  parts  of  the  auricles  doubtless  begin  their  contrac- 
tion at  different  times  the  point  of  interest  insofar  as  the  efficiency 
of  the  auricles  as  feed  pumps  is  concerned,  relates  to  the  resultant  of 
these  differently  timed  contractions.'  In  view,  th«%fore,  of  these 
contradictory  findings  it  has  been  thought  worth  while  to  submit  again 
the  question  to  experiment  by  the  usual  graphic  (suspension)  method. 


Dogs  of  fairly  large  size — 7.7  to  21  kgm. — were  employed.  They 
were  anaesthetized  with  ether;  no  other  drug  was  used.  The  vagus 
nerves  were  exposed  in  the  neck  and  loose  Iigatiu*es  passed  around  them. 
The  sternum  was  removed  after  ligation  of  the  internal  mammary 
arteries.  The  phrenic  nerves  were  cut;  the  pericardium  split  open  and 
its  edges  stitched  to  the  sides  of  the  opening  in  the  thorax.  Artificial 
respiration  was  started  meanwhile  and  maintained  throughout  the 

>  It  was  realized  early  Id  the  course  of  the  eicperiments  that  the  auricular  myo- 
gram aa  obtained  by  the  suspension  method  could  not  be  depended  upon  to  give 
an  indication  of  the  relative  ifuralion  of  right  and  left  auricular  systoles,  still 
less  any  difference  that  might  exist  in  the  onset  and  duration  of  the  period  during 
which  the  blood  is  forced  into  the  ventricles.  Since  then  Wiggera  (12)  has  pub- 
lished an  interesting  paper  bearing  on  the  relation  between  the  auricular  myo- 
gram and  what  he  culls  the  "dynamic  period"  of  the  systole.  While  the  relative 
dtration  o(  right  and  left  auricular  systoles  may  not  be  obtainable  by  the  sus- 
pension method,  the  relative  timt  of  onxel  ot  the  contractions  is  quite  accessible 
to  the  method. 
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experiment.  The  mixture  of  ether  and  air  was  kept  in  the  rieighbor- 
hood  of  37°C.  by  means  of  Brodie's  air  warmer  and  anaesthetizer. 
The  heart  was  prevented  from  drying  by  dropping  upon  it  warm 
Ringer's  solution.  Cooling  of  the  exposed  heart  was  prevented  by 
means  of  an  electric  lamp  placed  an  appropriate  distance  above  it. 

The  tip  of  the  right  and  left  auricular  appendages  were  connected 
to  receiving  tambours  by  means  of  Francis  Franck  pincettes.  These 
tambours  were  covered  with  exceedingly  thin  and  very  elastic  rubber 
dam  (condom). 

Rubber  tubes  of  equal  lengths  joined  the  receiving  to  recording  tam- 
bours provided  with  very  light  levers  (thin  straw  and  aluminum  writing 
points).    The  recording  tambours  were  placed  upside  down  so  that  the 
curve  of  contraction  is  positive.     An 
electro^n^netic  tuning  fork  giving  one 

hundred  vibrations  per  second  and  a  e 

stimulation  signal  were  mounted  be-     ; 
neath  the  tambours.    Allwriting  points 
were  adjusted  to  the  same  perpendic- 
ular line.     The  Hurthle  kymograph  was 
arranged  for  a  speed  of  180  mm.  per 

second  with  the  exception  of  experi-       p-    ,   cv     h  f  »,  ,i  »>  k 
ment  1  where  the  speed  was  320  mm.    _^ent«l  view-to  ahow*Se  ^i- 
per  second.  tion  in  which  the  auricular  append- 

At  the  conclusion  of  the  experiment,  ages  were  placed  for  the  measure- 
the  heart  was  removed  and  (he  follow-  menta  mentioaed  in  the  text, 
ing  measurements  were  taken  (a-b)  The  inter-auricular  baod  ie  shown 
distance  from  the  position  of  the  head 

of  the  S-A  node  (auriculo-caval  angle)  to  the  tip  of  the  right  auricular 
appendage;  (.a-c)  distance  from  S-A  node  to  the  tip  of  the  left  auric- 
ular appendage  (see  fig.  1).  Great  care  was  taken  in  making  these 
measurements  not  to  stretch  the  heart  tissue  although  it  was  neces- 
sary to  raise  the  appendages;  even  with  the  utmost  care,  such  meas- 
urements are  liable  to  error  and  must  therefore  be  considered  as  merely 
approximate. 


The  beginning  only  of  each  experiment  will  be  discussed  in  this 
paper.  The  study  of  the  effect  of  vagus  stimulation  has  not  been 
completed  and  its  report  must  be  postponed.  By  confining  the  obser- 
vations on  the  inter-auricular  interval  to  the  beginning  of  the  experi- 
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moit,  the  criticism  of  cooling  of  the  ezpoBed  heart  sod  interference  with 
nutriti<m  through  prolonged  etberixstioD,  must  be  largely  overoome. 
I  may  say,  however,  that  usually,  later  phases  of  the  experiment  show 
bat  insignificant  prolongation  of  the  inter-auricular  time  interval. 

A  reference  to  table  1  shows  that  the  average  inter-auricular  time 
intOTsI  in  twelve  dogs  ranging  in  wei^t  from  7.7  to  21.36  kilos  was 
0.013  second  (fig.  2).  This,  therefore,  corroborates  the  findings  of 
Aedoicq  and  his  pupils.     Moreover,  the  expmmenta  which  form 
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the  basis  of  this  report  have  been  reaiarfcsbly  anifonn  thnm^ioat; 
no  such  variations  in  the  sequmce  of  contractitHi  as  have  been  men- 
ti<Hied  by  Schmidt-Xielsen  Ooc.  cit.)  and  by  Lemitowitseh  (loe.  at.) 
were  observed  at  any  time. 

It  may  be  oi  interest  to  note  in  connection  with  the  figure  just  gjvm 
as  the  average  inter-auricular  time  interval,  that  practically  the  same 
figure  can  be  obtained  from  one  of  Lewis'  tables  (11)  dealing  with  con- 
duction time  from  S-A  node  to  various  points  on  the  aoricles.  The 
conduction  time  from  S-A  node  to  the  right  appendage  in  11  dogs  was 
0.0314  second;  the  distance  was  28  mm.  Tbe  conduction  time  from  the 
node  to  tbe  left  appendage  in  7  dogs  was  0.0446  second:  the  distanM 
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was  44.6  ram.  The  difference  in  conduction  time  from  the  S-A  node  to 
the  right  and  left  auricular  appendages  respectively  is  therefore  0.0132 
second,  a  figure  which  is  practically  identical  with  the  one  given  here. 
It  is  difficult  to  state  what  significance,  if  any,  attaches  to  this  simi- 
larity in  time  differences.  The  contractions  recorded  in  the  manner 
described  in  this  paper,  doubtless  give  a  record  of  the  action  of  the  great- 
er mass  of  the  auricle  whereas  Lewis'  work  was  confined  to  a  deter- 
mination of  the  time  of  onset  of  excitation  of  a  very  limited  part  of 
auricular  muscle  relatively  to  the  S-A  node.     If,  as  we  must  believe, 


Fig.  'i.  Tracing  of  right  and  left  auricular  contracliona  obtained  from  dog  I. 

the  contraction  of  the  auricle  as  a  whole  is  the  resultant  of  the  differ- 
ently timed  contractions  of  its  parts,  the  inter-auricular  time  interval 
obtained  by  recording  the  auricular  contraction  should  be  less  than 
that  obtained  with  the  electrocardiograph,  the  contact  points  being 
S-A  node  and  tip  of  appendages.  The  results  presented  in  this  paper 
may  be  so  interpreted  if  reliance  raay  be  placed  upon  the  measure- 
ments of  the  heart,  for  while  in  Lewis'  animals  the  average  difference 
in  distance  to  be  traversed  by  the  excitatorj'  wave  was  16.6  mm., 
the  difference  in  distance  in  our  animals  was  23.3  mm. 

It  occurred  to  the  writer  that  in  view  of  the  solidarity  of  the  auri- 
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cles,  li  Kpecial  structure  might  exist  whose  special  function  would  be 
that  of  inter-auricular  conduction.  An  examination  of  the  heart 
shows  that  a  distinct  band  of  muscle  tissue  stretches  from  the  right 
auncle  to  the  base  of  the  left  auricular  appendage  and  forms  apparently 
the  most  direct  connection  between  the  auricles.  The  same  obser- 
vation was  made  by  Lewis,  Meakins  and  White  (loc.  cit.)  who  call 
attention  to  the  straight  course  taken  by  the  fibers  of  this  muscle  band. 
Thip  band  has  appropriately  been   called  the  inter-auricular  band. 


J-'ig.  3.  Dok'b  licurt  hardened  in  tKe  diaatolic  atute  to  show  ihe  relations  of 
the  inU^r-nuriciiiar  hand.    Natural  site. 

When  the  heart  is  hardened  with  10  per  cent  formalin  under  a  pressure 
of  30  cm.  of  the  solution,  the  form  and  relations  of  the  inter-auricular 
band  are  well  brought  out  {see  fig.  3). 

The  inter-auricular  band.  In  a  dog's  heart  of  average  size  the  right 
extremity  of  the  band  originates  about  5  mm.  to  the  mesial  side  of  the 
auriculo-caval  angle  and  in  a  direct  line  with  it.  This  extremity  of 
the  band  is  immediately  back  of  the  aorta  and  spreads  in  a  fan-like 
manner  onto  the  mesial  (right)  auricular  wall  and  the  root  of  the  sii- 
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perior  vena  cava.  From  this  origin  the  baod  sweeps  in  an  almost 
straight  line  to  the  base  of  the  left  auricular  appendage  but,  so  far  as 
superficial  appearance  indicates,  ite  fibers  can  be  traced  to  near  the 
tip  of  the  left  appendage.  The  band  is  thinnest  near  its  origin  on 
the  right  side  where  it  has  an  angular  appearance.  It  then  broadens 
gradually  aa  it  passes  to  the  left  auricle.  Hie  band  is  slightly  concave 
from  right  to  left,  the  concavity  being  directed  upward.  It  baa  a 
length  of  about  20  mm. 

THE  EFFECT  OF  CLAMPING  THE  INTEB-AUBICHLAB  BAND 

If  this  band  is  of  special  importance  in  conduction  its  compression 
should  lead  to  at  least  a  lengthening  of  the  inter-auricular  time  inter- 
val. A  niunber  of  experiments  were  accordingly  conducted  in  which 
the  band  was  crushed  about  its  middle  between  the  jaws  of  a  hemo- 
static forceps,  care  being  taken  not  to  injure  the  auricular  tissue  either 
above  or  below  the  band. 

Extracts  from  the  Protocols 

January  4,  1916.  Dog  6.  After  registering  the  auricular  contrac- 
tions for  five  minutes,  an  attempt  was  made  to  clamp  the  band  by 
shding  a  hemostatic  forceps  against  the  left  wall  of  the  pulmonary 
artery,  the  forceps  being  slightly  inclined  toward  the  right  of  the 
animal.  The  first  attempt  failed,  a  part  of  the  auricular  appendage 
near  the  base  being  compressed  instead  of  the  band  proper.  There 
was  no  apparent  effect  following  this  attempt.  A  second  attempt  suc- 
ceeded. The  inter-auricular  time  interval  lengthened  from  an  aver- 
age of  0.0133  second  to  0.98  second,  many  measurements  showinR  an 
interval  of  0.1  second  (fig.  4).  The  inter-auricular  time  interval  was 
therefore  lengthened  73.68  times  by  the  crushing  experiment. 

At  the  conclusion  of  the  experiment  examination  of  the  heart  showed, 
besides  the  compression  at  the  base  of  the  auricular  appendage  already 
mentioned,  that  the  band  was  crushed  transversely,  the  part  crushed 
measuring  5  mm.  The  portion  of  uncompressed  auricular  tissue  be- 
low the  band  measured  4  mm.;  the  portion  above  the  band  measured 
10  mm.;  these  are  external  measurements  and  do  not,  of  course,  com- 
prise any  part  of  the  auricular  septum  that  may  have  been  affected 
by  the  clamping. 

January  6,  1916.  Dog  7.  In  this  and  subsequent  experiments 
the  contractions  of  the  left  ventricle  were  registered  simultaneously 
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with  those  of  the  auricles.  The  first  attempt  to  clamp  the  band  wu 
successful.  The  iDter^auricular  time  interval  passed  from  an  average 
of  0.0132  secoud  to  0.053  second  an  increase,  therefore,  of  4  times  the 
normal  average  (fig.  5).  The  differently  timed  contractions  of  tbe  two 
auricles  were  quite  appreciable  to  the  eye.  The  average  rt.A-lt.V 
interval  at  the  beginning  of  the  experiment  was  0.082  second; 
there  was  a  gradual  increase  in  this  interval  toward  the  close  of  the 
experiment,  and  it  was  0.09  secoad  just  before  clamping  the  inter-aurie- 


Fig.  4.  Trading  from  dog  6  showing  the  effect  on  the  inter-auriculftr  coodue- 
tion  time  of  injury  to  tbe  inter-KuriculBr  band. 

ular  band.    This  interval  after  clamping  showed  an  average  of  0.102 
second. 

Examination  of  the  heart  showed  that  the  forceps  was  applied  cm 
tbe  band  at  about  the  same  point  as  in  the  preceding  experiment,  this 
point  being  immediately  to  the  left  of  the  location  of  the  auricular 
septum.  Tbe  blades,  however,  included  a  little  more  of  the  tissue 
above  and  below  the  band.  Viewed  from  the  interior  of  the  auricles 
there  was  no  evidence  of  the  compression  on  the  right  side  of  the  auric- 
ular septum ;  but  on  the  left  side  evidence  of  the  compression  was  seen 
half-way  between  the  opening  of  the  right  pulmonary  vein  and  the 
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openiDg  leading  into  the  left  auricular  appendage.  The  compression 
affected,  in  part,  the  roof  of  the  auricle  above  the  septum  and,  in  part, 
the  septal  wall  in  front  Of  the  position  of  the  fossa  ovaUs. 

January  19,  1916.  Dog  8.  The  inter-auricutar  time  interval  at 
the  b^inning  of  the  experiment  was  0.01  second;  the  heart  rate  203 
per  minute.  After  section  of  the  right  vagus  the  heart  rate  rose  gradu- 
ally to  257  per  minute;  at  the  same  time  the  inter-auricular  time  inter- 


Fig.  5.  Tracing  from  dog  7;  it  shows  the  uau&l  effect  of  clamping  the  inter- 
fturicular  band. 

val  gradually  decreased  to  0.005  second.  This  was  the  time  interval 
just  before  clamping.  The  clamp  was  applied  in  the  same  position 
as  in  dog  7;  the  inter-auricular  time  interval  immediately  after  clamp- 
ing and  thereafter,  had  an  average  of  0.023  second  an  increase  of  4.6 
times  the  average  observed  before  clamping.  There  was  no  apprecia- 
ble change  in  the  rt.A-It.V  interval,  the  average  being  0.07  seconds. 
The  band  was  less  well  developed  than  usual;  moreover,  it  had  not 
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I>e?n  Ko  welt  crushed  l)y  the  forceps  as  the  blades  had  failed  to  come 
coniplotely  toprether. 

January  H,  t9l6.  Dog  9.  An  attempt  to  clamp  the  band  with 
r»angpr'n  clamp  failed,  the  clamp  being  found  imbedded  in  con* 
nccti^-c  (issue  on  the  side  of  the  pulmonary  artery.  The  experimoit 
camr  to  a  premature  close  owing  to  an  extensive  tear  in  the  left  auric- 
ular appendafie  caused  by  an  accid^ital  pull  on  the  pincette. 

January  $i,  I9I6.  Dag  10.  The  band  was  clamped  with  Erlanger's 
clamp,  but  as  it  caused  hemorriiage  it  had  to  be  removed  and  the  for- 
ceps applied.  There  was  but  sJii^t  increase  in  the  inter-auiicular 
time  intcT\-aI,  \\z.,  from  0.0137  second  to  0.019  eeccMHi— an  increase 
of  1.3$  tjm«i.  Ttic  rt..A-)t.V  interval  had  anavengeof  0.098econd. 
TW  nvords  were  obtained  witii  diffinilly  owing  to  the  restlesaness  of 
t}H>  animal  (>)cmorrha$:e?). 

The  band  and  the  auricular  tissue  immediately  adjaomt  were  found 
cnishod  by  tJie  foreqris. 

Ffhrytary  t,  Ifllfi.  Dog  31.  Immediately  on  rlatnping  the  band 
the  infcr-fturioular  time  interval  passed  from  0.0169  seoond  to  0.M7 
w^ytnd  — nn  increase  of  2.S  tiroes.  The  rt-A-!t.V  interval  maintained 
nn  awrajte  of  0.0"  second  throughout. 

The  hand  m-ay  found  clamped  a  litile  lo  the  left  of  the  position  de- 
wrihcd  in  the  previous  experiments,  naineh-  just  above  a  connective 
tiwiio  b«nd  which  bind?  i(  to  the  base  of  the  left  ventricle  (this  con* 
ncotive  tissue  band  is  shown  in  figure  1 1. 

Ffih-ut7-^i  fl,  Jfiiry.  Dofi  J?.  Immediaieh-  after  clamping  the  band 
(hf  inter-Jiuricular  time  inter\-sl  pasne^  frran  0.0165  seoond  to  0.052 
second  -sn  'ncrc«se  of  R.l.'i  limes.  The-  n.A-lt.V  interval  had  an 
flverag*"  of  O.OT  siv.  throiiphoin. 

The  hsnd  h-hs  foiipii  clamped  ahoiii  its  middle. 

Tbr  r<«iiW>  hhvr  Nccr,  imr\  uiii'omi.  u,  Ihsi.  cro^ung  of  a  portion 
o:  iV  hfl!-(;  hns  ii,-v-»)risM\  brnuph;  «hoiiT  n  disiinrl  interference  with 
cordno' 'or  s*-  sboTir  !■>  ihr  Irncfinnni:  n:'  the  imeJT-auricular  time 
r*frx-fl  f"on,  ii^  hvf'-rict  o:"li  (i|S  o'  h  i:crf\n(]  t^mhoui  0.05  of  a  seoond. 
I:'  w(  cx.vi-iT  I^l<  c\r»f-i'"Mii  cm  dc^  ](■  ii  wliirl.  there  wae  conrnderable 
lif.m(v— VmcT-i"!. 'h.  rc'iili'tt.  ii'i'ii  irftrnicv  wsiidifficuh.and  theeigien- 
T.>f.r.-  ,^r  (i.x  1-^  K,  -,r.,v  ^'.h  iK,  !isi>,,  !.ij:  »ls(>  ihc  baseof  the  auricular 
snTVTvHsC'  'i^-i  i"->;-''.->.i,  !i  w."  N' -^>),  th:<Mh(' conduction  time  fot- 
'.-n-^nt.  ",■>:,->  ?.   '''I  >'i"..  w-^y  '"■■.m  .^  ii  4  i.  umps  greater  than  the 
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The  fact  that  the  fibers  of  the  band  nui  a  straight  course  from  the 
r^oo  of  the  sino^uricular  node  to  the  left  auricle  and  the  recent  find- 
ings of  Lewis,  Meakins  and  White  (loc.  cit.)  that  the  highest  rate  of 
propagation  of  the  excitatory  process  in  the  auricles  is  along  this  band 
(1252  mm.  per  second)  offers  an  obvious  explanation  of  the  effect  of 
injury  to  this  structure.  That  it  is  the  most  direct  and  rapid  route  for 
the  excitatory  process  is  likewise  demonstrated  by  comparing  the  ^- 
fecta  of  crushing  the  entire  inter-auricular  junction  as  described  by 
Fredericq  (12)  with  the  effects  of  crushing  the  band  alone  as  described 
here.  Fredericq  found  that  a  complete  crushing  of  the  junction  causes 
a  complete  dissociation  of  auricular  action,  the  right  auricle  beating 
at  its  cuBtomar}-  rate  while  the  left  auricle  beate  at  a  lower  rate,  viz., 
that  of  the  idio-ventricular  rhythm.  The  same  phenomenon  had  been 
observed  by  Erianger  and  Blackman  (13)  under  different  experimental 
conditions.  When  the  compression  is  moderate  the  inter-auricular 
allorhythmia  is  temporary,  each  contraction  of  the  right  auricle  is 
followed  by  a  left  auricular  contractjon  but  the  inter-auricular  time 
interval  is  considerably  prolonged.  In  a  tracing  illustrating  this  con- 
dition the  time  interval  is  about  0.08  second.  It  would  seem,  there- 
fore, that  of  the  entire  inter-auricular  junction,  the  inter-auricular 
band  constitutes  the  most  important  conduction  path. 

The  clamping  experiments  here  reported  have  demonstrated,  I 
believe,  the  special  importance  of  the  inter-auricular  band  as  a  path 
of  conduction  between  the  auricles,  for  in  all  the  experiments  there 
was  a  considerable  amoimt  of  uninjured  tissue.  This  band,  however, 
has  not  the  same  importance  as  a  conducting  medium  as  the  auriculo- 
ventricular  bundle  for  while,  in  the  latter,  crushing  leads  to  a  complete 
block,  in  the  former,  the  same  injury  causes  only  a  prolongation  in 
the  time  of  conduction. 

SDHHABT 

The  time  of  onset  of  right  and  left  auricular  contraction,  contrary 
to  general  belief,  is  not  synchronous. 

The  excitatorj'  wave  originating  in  the  sino-auricular  node  reaches 
the  right  auricle  sooner  than  the  left;  hence  the  right  auricle  contracts 
an  appreciable  time  before  the  left.  The  time  difference  averages 
0.013  second. 

The  most  important  patt>  of  conduction  between  the  two  auricles 
appears  to  be  the  inter-auricular  band.     This  special  importance  is 
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demonstrated  by  the  effects  of  crushing  the  band,  the  conduction  be- 
ing delayed  3  to  4.6  times  the  normal  average. 

The  inter-auricular  band  has  not  the  same  importance  relatively 
to  the  auricles  that  is  possessed  by  the  auriculo-vcntricular  band,  aa 
cnishiog  does  not  cause  a  complete  block.  Its  importance  lies  in  the 
circumstance  that  its  fibers  form  the  most  direct  inter-auricular'  path 
and  that  the  rate  of  conduction  is  behest  along  this  path. 
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I  have  proposed  in  a  recent  paper  to  study  the  stomach  from  the 
point  of  view  that  it  has  been  evolved  from  a  simple  tube  much  as  the 
heart  has  been  enlarged  and  specialized  (1).  Reasoning  from  the 
grounds  of  comparative  anatomy  and  embryology,  we  should  expect 
to  find  the  remnants  of  the  primitive -intestinal  tube  along  the  lesser 
curvature.  These  theoretical  considerations  led  to  the  discovery  that 
strips  of  muscle  from  different  parts  of  the  stomach  wall  vary  markedly 
in  their  tendencies  to  rhythmic  activity,  In  the  rates  of  contraction, 
and  in  the  forms  of  the  curves.  The  most  rhythmic  region  was  found 
on  the  lesser  curvature  next  to  the  cardia.  The  rate  of  contraction 
was  generally  faster  and  the  rhythm  more  regular  in  the  strips  from  the 
lesser  curvature  than  in  those  from  the  greater  curvature. 

Work  was  done  next  to  see  whether  differences  could  be  found  in 
irritability  and  latent  period  in  different  parts  of  the  stomach  wall, 
associated  with  the  differences  in  contractihty  and  based  perhaps  upon 
the  same  developmental  peculiarities.  Very  little  could  be  found  in 
the  literature  bearing  upon  the  subject.  Meltzer  (2)  observed  in  dogs 
and  rabbits  that  faradic  stimulation  of  the  outer  surface  of  the  stomach 
in  situ  gave  different  results  in.different  r^ous.  The  fundus  was  quite 
unresponsive.  Contractihty  seemed  to  improve  as  he  approached 
the  pylorus.  Stimulation  from  the  inside  of  the  stomach  had  no  effect 
except  with  the  strongest  currents.  A  local  contraction  of  the  small 
intestine  could  be  obtained  with  a  much  weaker  current  than  that 
needed  for  the  stomach. 

Loderitz  (3)  hoped  to  explain  the  origin  of  gastric  peristalsis  by  simi- 
tar studies.  Using  mechanical,  chemical  and  electrical  stimuli,  he 
noticed  that  the  contraction  often  appeared  cardially  to  the  place 
stimulated.    He  thought  there  was  a  greater  irritability  near  the  lesser 
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curvature  than  elsewhere.  The  reactions  were  very  different  in  the 
pyloric  antrum.  When  the  stimulus  was  applied  near  the  pylorus, 
there  was  a  uniform  contraction  of  the  whole  distal  region.  In  dogs 
the  fundus  was  quite  insensitive  to  faradism. 

Ducceschi  (4)  studied  the  irritability  of  different  parts  of  the  interior 
of  the  dog's  stomach,  using  balloons  with  a  device  designed  to  apply 
the  stimulus  to  the  region  distended.  In  the  body  of  the  stomach,  the 
effects  of  mechanical  stimulation  were  weak  and  slow  to  appear.  He 
thought  the  reactions  were  quicker  and  more  enei^tic  at  the  pylonis 
than  at  the  cardia.  With  the  faradic  current,  the  cardia  proved  to 
be  the  most  irritable  region,  and  its  latent  period  was  shortest.  Such 
stimulation  at  the  cardia  sometimes  caused  inhibition  when  consider- 
able activity  was  present.  The  fundus  reacted  very  similarly  but  was 
much  less  irritable.  The  response  of  the  pyloric  antrum  was  even  less 
than  that  of  the  fundus. 

Weak  acids  had  a  more  pronounced  stimuhiting  effect  on  the  cardia 
than  on  the  fundus.  In  the  pyloric  antrum,  the  effect  was  generally 
reversed,  the  active  movements  being  inhibited.  The  presence  of  the 
balloon  in  the  antrum  almost  always  gave  rise  to  active  peristalas. 
This  was  not  the  case  in  the  fundus.  When  the  antrum  was  contiactmg 
rhythmically,  it  was  quite  refractory  to  outside  stimuli.  This  refractori- 
ness of  the  active  antrum  was  noticed  by  Rogers  and  Hardt  (5)  while 
studying  the  means  of  inhibiting  hunger  contractions.  Carlson  (6) 
has  remarked  that  the  movements  of  digestion  are  mainly  in  the  pyloric 
part;  the  hunger  contractions  in  the  fundus.  "Either  these  two  r^ons 
of  the  stonmch  react  differently  to  local  stimulation  of  the  gastric 
mucosa  or  else  the  nervous  mechanisms  concerned  ....  are 
different."  May  (7)  found  the  inhibitory  effect  of  vagus  stimulation 
more  pronounced  on  the  cardiac  than  upon  the  pyloric  end  of  the 
stomach. 

A  very  su^estive  paper  is  that  of  Barbera  (S)  who  found  that  when 
the  stomach  of  a  frog  was  stimulated  at  any  point  by  weak  faradic 
^ocks,  the  contraction  appeared  first  at  the  cardia.  By  inserting 
a  small  manometer  in  the  cardia,  and  by  resting  heart  levers  on  differ- 
ent parts  of  the  stomach,  he  found  that  this  was  due  to  a  shorter  latent 
period  at  the  cardia.  With  tJie  same  strength  of  current  a  rise  in  the 
tube  appeared  8.4  seconds  after  stimulating  the  cardia;  10.2  seconds 
after  stimulating  the  middle  region  and  13.5  seconds  after  stimulating 
near  the  pylorus.  In  only  one  case,  while  stimulating  the  pyloric 
r^on,  that  part  contracted  first  and  then  the  cardia,  followed  by  the 
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middle.  Ordinarily,  BtimuUtioo  anywhere  od  the  stomach  was  picked 
up  first  at  the  cardia,  and  this  insured  the  downward  course  of  the 
peristaltic  wave. 

RESULT  OP  BXPEBIHENTB 

This  work  of  Bsrbera  on  the  frt^  seemed  to  me  so  important  and 
fundamental  that  I  have  repeated  it.  Difficulties  with  the  manometer 
method  caused  me  to  study  the  stomach  in  situ  in  pithed  frogs,  noting 
the  time  elapsed  between  stimulation  and  contraction  by  counting  the 
seconds  ticked  off  by  a  pendulum.  The  current  was  obtained  from  a 
Harvard  Apparatus  Company's  inductorium  (9)  with  one  dry  cell. 
Platinum  electrodes  were  used,  3  mm.  apart.  The  current  was  just 
perceptible  to  the  tongue  with  the  secondary  coil  at  12.5  cm.  Stimu- 
lation was  kept  up  for  ten  seconds,  or  until  a  contraction  appeared. 
Care  was  taken  to  keep  the  preparation  moist.  The  work  was  done  in 
the  months  of  September  and  October. 

Although  my  resulte  in  ten  frogs  were  not  bo  unifonn  as  those  of 
Barbera,  the  cardia  certainly  gave  by  far  the  quickest  reactions.  There 
was  generally  less  difference  between  the  latent  periods  of  the  middle 
and  pyloric  regions  than  between  those  of  cardia  and  middle  r^on, 
and  on  four  occasjons  the  antrum  reacted  even  more  quickly  than  did 
the  middle.  This  mi^t  have  been  caused  by  temporary  changes 
in  irritebilJty  due  to  previous  stimulation  or  to  the  passage  of  spontane- 
ous waves.  The  differences  in  latent  period  were  brou^t  out  best 
by  the  weakest  currents  that  would  take  effect  in  the  antrum.  Still 
weaker  stimuli  showed  that  the  cardia  was  the*  most  irritable  part  of 
the  stomach,  as  it  generally  responded  to  currents  that  had  no  effect 
on  the  middle  or  on  the  antrum.  Stimulation  of  the  cardia  was  also 
more  likely  to  cause  a  strong  contraction  of  the  whole  stomach  than 
was  stimulation  of  the  antrum.  Frequently  irritation  of  Uie  pyloric 
region  brought  about  contraction  at  the  cardia  and  in  the  duodenum 
before  any  effect  was  observed  at  the  point  stimulated. 

EXPERIMENTAL  OBSEBVATIONB  ON  THE  STOMACHS  OP  RABSrTS, 
CATS  AND  DOGS 

A  similar  technic  was  followed  with  the  stomachs  of  rabbits,  cats 
and  dofp.  The  rabbits  were  killed  with  a  blow  on  the  head;  the  other 
animals  by  etherization  and  bleeding.  The  stomach  was  removed 
quickly  and  placed  in  a  shallow  dish  containing  Ringer's  solution  at 
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SS'C.  The  upper  surface,  wMJe  being  tested,  was  kept  moist  by  pour- 
ing OD  more  warm  Ringer's  solution.  Unfortunately,  some  cooling 
could  not  be  avoided.  The  latent  period  in  almost  all  of  the  experi- 
ments was  detennined  visually,  as  has  been  described.  Graphic 
records  were  obtained  from  a  few  stomachs,  enough  to  show  that  the 
simpler  technic  was  sufficiently  accurate.  These  stomachs  were  sus- 
pended vertically  and  the  region  to  be  tested  was  picked  up  by  two 
tiny  serrefines;  the  lower  one  attached  to  a  rigid  support,  the  othertoUie 
writing  lever.  Such  methods  could  not  be  used  r^ularly  on  account 
of  the  time  that  would  be  consumed  in  making  the  fifty  or  more  ob- 
servations required  on  each  stomach.  It  was  feared  that  during  this 
time  there  might  be  such  changes  in  the  irritability  that  no  comparison 
could  be  made  between  the  observations  taken  first  and  those  taken 
last. 

The  results  obtained  on  any  single  stomach  would  have  served  to 
illustrate  what  I  wish  to  show,  but  it  seemed  best  to  average  the  ob- 
servations made  in  the  different  regions.  Figure  1  shows  the  location  of 
these  regions  on  the  anterior  surface  of  the  rabbit's  stomach,  together 
with  the  average  latent  periods  for  faradic  and  galvanic  stimulation 
obtained  from  10  animals.  Figure  2  gives  similar  data  from  the  stom- 
achs of  8  cats.  The  faradic  current  was  obtained  from  the  same  ap- 
paratus that  was  used  on  the  frog.  The  secondary  coil  was  kept  at 
8  cm.  in  all  the  experiments.  The  galvanic  current  was  just  strong 
enough,  1.7  m.a.,  to  duplicate  the  faradic  effects  in  the  cardiac  and 
middle  re^ons.    The  same  platinum  electrodes  were  used. 

In  the  rabbit,  the  reaction  was  practically  immediate  in  the  esopha- 
gus and  over  the  antrum  cardiacum.  It  is  well  known  that  striated 
muscle  reaches  to  the  cardia  in  rabbits  and  d(^,  but  the  articles  con- 
sulted did  not  give  the  impression  that  it  spreads  over  the  stomach 
at  all.  Doctor  Whipple  kindly  looked  at  some  sections  from  these 
animals,  and  found  strands  extending  2  cm.  beyond  the  cardiac  thick- 
ening. This  complication  was  not  met  with  in  the  cat  or  man,  wherr 
the  lower  fourth  of  the  esophagus  is  free  from  striated  muscle. 

As  will  be  seen  from  figure  1,  the  latent  period  was  shortest  around 
the  cardia  and  on  the  lesser  curvature  as  far  as  the  incisura  angularis. 
Beyond  that,  in  the  middle  of  the  anterior  surface,  there  is  a  zone  in 
which  the  reactions  appeared  within  a  second  or  two.  Outside  of 
that  again  is  an  area,  along  the  greater  curvature,  in  which  reactionE 
were  obtained  in  from  one  to  four  seconds  in  the  more  irritable  stomarhE 
(often  from  the  younger  animals).     In  some  of  the  less  irritable  stoiii- 
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Fia.  I.  Anterior  surface  of  the  atomacb  of  the  rabbit,  showing  the  different 
regjona  stimulated,  with  the  average  latent  periods  after  faradic  and  galvanio 
stimulation.  The  figures  indicate  seconds.  AB  is  the  dividing  line  between 
the  pyloric  antrum  and  the  body  of  the  stomach. 


Fio.  2.  Anterior  surface  of  the  stomach  of  the  cat  showing  the  different  regions 
stimulated  with  the  average  latent  periods  after  faradic  and  galvanic  stimula- 
tion. The  figures  indicate  seconds.  AB  is  the  dividing  line  between  the  pyloric 
antrum  and  the  body  of  the  stomach.  The  other  unbroken  line  represents  the 
pylorus. 
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achs,  no  reactions  could  be  obtained  at  all  with  the  strengtha  of  current 
used.  Thia  comparative  sluggishness  of  the  greater  curvature  was 
more  marked  with  the  galvanic  than  with  the  faradic  current.  ■  RTpeii- 
ence  showed  that  if  no  reaction  could  be  seen  after  ten  seconds,  it  was 
useless  to  stimulate  further.  The  graphic  records,  however,  suggested 
very  strongly  that  such  apparently  negative  results  were  more  often 
due  to  the  very  small  amplitude  of  the  contraction  rather  than  to  an 
entire  absence  of  response.  It  seemed  best,  therefore,  in  making  the 
aver^es,  to  represent  these  results  by.  10  seconds,  assuming  that  some 
reaction  had  occurred  by  that  time.  This  has  given  results  quite 
comparable  to  those  found  in  any  single  stomach  of  moderate  irri- 
tabihty. 

Turning  to  the  charts  ^ain,  it  will  be  seen  that  the  latent  period 
becomes  loi^r  as  we  approach  the  antrum  pylori.  Although  the 
muscle  begins  to  thicken  in  the  preantrum,  there  is,  in  the  rabbit,  a 
very  definite  transition  from  the  body  of  the  stomach  to  the  antrum. 
This  can  be  brought  out  markedly  by  leaving  the  stomach  48  hours  in 
ice-cold  Ringer's  solution.  The  dividing  line  is  then  very  sharp  between 
the  gray-blue  of  the  body  of  the  stomach  and  the  red  muscle  in  the 
pyloric  portion.  This  division  is  not  so  apparent  in  the  cat  and  dog, 
but  it  can  easily  be  demonstrated.  In  all  the  animals  studied,  the 
change  in  the  type  of  reaction  to  stimuli  was  equally  sharp  at  this 
line.  In  the  preantrum  there  were  deep  hour-glass  contractions;  in 
the  antrum,  a  centimeter  away,  there  were  peculiar  local  puckerings 
aud  tumefactions,  often  followed  by  .a  spasm  of  the  whole  pyloric  end 
of  the  stomach.  The  latent  period  for  the  faradic  current»wa8  often 
more  than  double  that  observed  on  the  other  side  of  the  dividing  line. 
Strange  to  say,  there  was  no  such  increase  with  the  galvanic  current. 
This  rather  striking  observation  will  be  discussed  later.  The  leaser 
curvature  reacted  a  little  more  promptly  than  did  the  rest  of  the  antrum. 

It  ^ould  be  emphasized  that  the  pyloric  ring  showed  a  shorter  latent 
period  tlian  did  the  rest  of  the  antrum.  The  duodenum,  a  few  milli- 
meters away,  reacted  to  the  galvanic  current  very  promptly — wiUiin 
0.5  to  1.0  second.  For  some  unknown  reason,  the  duodenum  seemed 
to  lose  its  irritability  to  the  faradic  current  very  rapidly  after  excision. 
With  the  organs  in  situ,  both  currents  caused  the  duodeniAn  to  contract 
jtromptly. 
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P08TBSI0B  SCBPACE  OP  THE  STOMACH 

It  was  soon  noticed  that  in  most  stomachs  the  latent  penodB  wete  a 
little  longer  on  the  posterior  than  on  the  anterior  surface,  and  this 
conclusion  was  supported  by  the  averages.  This  sluggishness  was 
most  marked  along  the  greater  curvature.  The  sequence  of  the  four 
series  of  tests — with  faradic  and  galvanic  currents  on  both  surfaces — 
was  changed  daily,  although  it  was  soon  evident  that  the  irritability 
of  the  stomachs  remained  quite  constant  for  a  period  longer  than  the 
hour  required  to  complete  the  work.  To  make  sure  that  differences 
in  thickness  or  resistance  in  the  peritoneal  coat  could  have  nothing  to 
do  in  altering  the  reactions,  tests  were  made  hero  and  there  before  and 
after  laying  bare  the  muscle.  No  differences  in  latent  period  could  be 
produced  in  this  way. 

EFFECTS  OF  MECHANICAL  STIMULI 

Experiments  in  which  the  excised  stomach  was  pinched  by  fine  mouse- 
tootii  forceps  gave  results  very  similar  to  those  with  a  weak  faradic 
current.  In  the  rabbit,  the  region  about  the  greater  curvature  from 
the  fundus  to  a  point  opposite  the  incisura  angularis  failed  to  react. 
The  antrum  showed  the  typical  puckering  contractions  after  a  latent 
period  of  from  3  to  5  seconds.  The  pylorus  and  duodenum  reacted 
almost  immediately.  The  r^on  around  the  cardia  was  so  sensitive 
that  a  contractiou  generally  appeared  each  time  the  Ringer's  solution 
was  poured  on  the  stomach. 

DIFFERENCES  IN  IHRITABILITT 

With  weaker  currents,  a  close  relation  could  be  shown  between  the 
degree  of  irritability  and  the  latent  period.  With  one-fourth  the 
strength  of  the  galvanic  current  previously  used,  reactions  were  ob- 
tained (in  the  rabbit)  only  around  the  cardia;  with  one-half  the  strength, 
they  appeared  within  a  radius  of  3  cm.  from  the  junction  of  the 
esophagus  and  lesser  curvature.  This  also  was  the  only  part  of  the 
stomach  that  reacted  to  the  faradic  current  with  the  secondary  coil  at 
13  cm.     Similar  results  were  obtained  in  the  cat  and  dog. 

Just  as  in  the  frog,  stimulation,  particularly  of  the  middle  region  of 
the  stomach,  often  showed  itself  first  as  a  contraction  at  the  cardia  or 
along  the  lesnser  curvature.  This  might  or  might  not  be  followed 
by  a  contraction  at  the  point  stimulated,  depending  on  the  strenicth 
and  duration  of  the  stimulus.     This  was  very  marked  in  the  cat. 
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BTtlDIES  WITH  THE  BTOUACH  IN  SITU 

To  make  sure  that  these  difFerences  were  not  due  to  the  trauma  of 
flxcieion  or  to  unequal  poHt-mortem  changes  in  the  gastric  plemses,  the 
work  was  repeated  on  the  etoinachs  of  rabbite,  cats  and  dogs  whose 
abdomens  were  opened  after  etherization.  The  vagi  and  splanchnlcs 
were  left  intact.  The  intestines  wore  covered  with  gauze  wrung  out 
in  warnt  Ringer's  solution,  and  the  stomach  wall  was  moistened  fre- 
quently with  the  same  fluid.  R^onal  differences  were  found  cor- 
responding to  those  in  the  excised  stomachs.  The  cardia,  lesser  cui^ 
vature  and  pyloric  antrum  reacted  in  about  the  usual  time;  but,  strange 
to  say,  the  rest  of  the  stomach — the  fundus  and  body — was  generally 
much  less  irritable  than  in  the  excised  otgan,  and  often  this  region 
would  not  react  at  all  to  the  currents  used.  The  possible  significance 
of  these  findings  will  be  discussed  later. 

KXPERlMENTlj  ON  THE  UC'MAJ4  STOMACH 

A  few  oxperiiiieiits  performed  on  the  human  stomach,  while  neees- 
sarily  ui  con  elusive,  augift-nl  that  similar  differences  will  be  foimd  there 
also.  Through  the  kiiidnoHH  of  Doctors  Baxter  and  Brill,  I  had  the 
opportunity  of  making  the  desired  tests  twenty  minutes  aft^  death 
in  a  Duui  wlio  died  of  nephritis.  Unfortunately,  there  was  asdtes 
with  cdeiika  of  tUn  {jcrituiieuni  which  may  have  bad  some  influrace  on 
the  reaclioiui.  both  \u  bitu  and  when  excised,  this  stomach  was  les 
irritjil'lc  llmu  llioou  of  uhiiuuIm.  and  to  get  reactions  with  the  faradie 
currwit,  thtj  bi:i  oi.iliii  V  KJil  liiwl  to  be  at  6  cm.  The  cardia  and  adja- 
cent Ii-.-^Qi'i  uutvitL'iii;  loulil  jiut  bo  studied  satisfactorily  io  situ  as  the 
pulling  (hill  Maa  iii;<  iv:a;ii  v  Mxtiiii-d  to  affect  the  re&ctions.  Elsewhrnv 
ihe  ivixlioitb  w>  ic  vi:i>  iiKii'h  like  those  in  the  cat's  atomaeh.  After 
i-xixMoii,  itii;  Rii.io.L'h  I'Kiiliiii-lfd  down  to  the  cylindrical  J  form,  ao 
\M-tl  kii<>,tii  u>  i^'ifUn:iKtn.  It  Mi'iued  to  lose  its  irritability  rapidly: 
till-  i)riji.ii  jl  (i^.i-(i  v>n:  till-  duly  |il;iL'e  which  reacted  twice  in  the  same 
^iV.   ""■'  '"■  ".!■■  :-":■'"-=  ""il.J  U-  .IrLiwn. 

Ai.'.'!i'-r  -1^  ■  .1111  (1  oM.iiiiil  'ii  iijuTiition  ou  a  man  with  bepuunx 
iii..:i^i.  •.:.!  '1'  /I  Ji'  n'li'ii '.[  i»  iru.ill  -..vir  :u  the  pylorus  showed  definitet}- 
ti..-  ii.;i.-..:.'.j  I-  '«..  I.  Til..  Iiij  ;.i.il  li.ilvanif  effei'ts  in  the  aotmm:  also 
i:i.-  ■ifi  :i  ill.  r-i  iii.'..In:.' .  i,i  (I).-  i|ii.MJi>iiiiin  ;ts  ixHupared  with  the 
-it..!..!  ri  'li,!<-.,U  '\,.-  1. 1.  :(,.:.  1,1  l>r.  \V.  I.  Terr>-.  I  wss  able  to 
•  !u  It  '.III  [.,''.>..-:  ill  ii»' i>, -''111  'i.i!)  of 'UioUit-rlrtiii.-uistomach  during 
.111  1.1    ..r....i  :■..    Ill  i.M  i.'i'.:'-'  ■  .KMi,     Thf  aiK-sihciie  was  f 
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and  the  abdominal  wound  waa  infiltrated  with  novocain.  The  only 
definite  statements  that  coiOd  be  made  after  this  work  were  that  the 
stomach  was  less  irritable  than  that  uf  the  animals;  that  it  was  a  little 
more  irritable  near  the  lesser  than  along  the  greater  curvature,  and 
that  the  irritabiUty  of  the  duodenum  was  much  greater  than  that  of 
the  stomach.  Even  with  the  coil  at  4  cm.,  the  faradic  current  failed 
to  bring  about  a  contraction  in  the  stomach. 

DISCUSSION 

The  lesser  curvature,  and  particularly  that  part  near  the  cardia, 
is  more  irritable  than  the  fundus  and  body  of  the  stomach;  and  it  seems 
very  probable  that  these  differences  can  be  ascribed  to  the  develop- 
mental peculiarities  outlined  at  the  beginning  of  this  paper.  Other 
differences  have  been  found,  however,  which  show  that  the  distance, 
spacially  or  embryologically,  from  the  primitive  tube  is  not  the  only 
factor  modifying  the  irritability.  As  waa  suggested  in  the  previous 
paper  (10),  the  muscle  of  the  stomach  wall  has  probably  been  modified 
to  serve  different  purposes  in  different  r^ons.  This  would  explain 
the  big  differences  which  I  beUeve  exist  between  the  muscle  of  the  body 
of  the  stomach  and  that  of  the  pyloric  antrum.  Such  differences 
seem  inevitable  when  we  remember  the  differences  in  function.  While 
the  principal  activity  of  the  fundus  is  to  maintain  a  slight  even  pressure 
on  its  contents,  the  antrum  must  contract  rhythmically  and  power- 
fully for  hours  at  a  time.  Recently  Lee,  Guenther.  and  Meleney  (II) 
have  shown  bow  remarkably  the  diaphragm  differs  from  other  muscles 
io  its  physioli^c  reactions  and  its  chemical  constitution.  These 
differences  are  all  related  to  its  unceasing  activity.  For  the  same  reason, 
we  may  expect  some  day  to  find  that  the  reddish  muscle  in  the  pylorir 
antrum  has  more  sarcoplaam,  glycogen,  etc.,  than  the  pale  muscle  in 
the  fundus. 

The  better  reaction  of  the  pyloric  antrum  to  the  galvanic  current 
suggests  that  the  muscle  is  more  sluggish  in  this  region.  One  is  re- 
minded of  the  reaction  of  d^eoerstiou  in  striated  muscle,  or  of  such 
experiments  as  those  of  Fick  (12)  who  noticed  that  an  induced  current 
which  stimulated  a  frog's  muscle  had  no  effect  on  a  mussel's  muscle. 
The  latter  responded,  however,  to  a  slowly  increasing  galvanic  current 
which  had  no  effect  on  the  frog.  Further  experience  with  excised  stripe 
has  given  me  the  impression  that  this  slu^ishness  is  due  partly  to 
nervous  inhibition.    If  the  irritability  of  the  muscle  is  dependent  upon 
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its  servtnffi  oouitectiaDB,  ve  rixmJd  cspeet  the  mmrtxms  tf>  lieanK  vi*- 
ITeudvely  slower  a^ter  removal  of  Hat  bUbbmA  froae  1^  rnifTm  w 
partieulvlj  after  the  tniuina  of  cutting  stripfi.  T%e  o^qseBitf- » truE :  iio^ 
ocJy  ma;  the  latent  penod  beeome  Aarter,  bat  it  hw  liees  iaaac  c  i 
uvwhvr  of  instazkOBB  tli&t  stzipe  from  the  uifnmi  woiild  nantcur,  mtH^ 
promptly  after  they  had  been  in  the  iee-boz  24  and  crem  4fi  hous-  ths. 
they  did  immediate^  after  esasaa.  It  has  already  been  mnec  titr 
the  excised  stdpe  viD  geoerally  beat  rhytiunieallr  on  tiie  aeeonc  o: 
tiiird  day  better  than  oo  the  fiisL  Although  the  eotonc  nerre^  ai^ 
probably  the  last  to  die  in  the  body  (13),  it  is  hardly  eosMWTablf-  tiir 
their  functional  capacity  could  imprm>e  after  48  hours,  azKl  ir  nnst  iooL 
for  the  djfferasoee  lu  the  musde  itseU. 

The  Dervous  inbibitioD  with  the  stooiach  in  situ  probably  c^laitT' 
Melteer's  failure  to  get  good  reactions  from  the  cardiac  half  if  tbt 
etomacb.  As  will  be  sfaowii  io  s  subeeqaeot  paper,  strips  ctf  mmek 
rut  from  such  a  reAactoiy  ftudua  and  stimulated  in  a  monst  dumbo 
will  reflict  markedly  to  the  same  eurrent  aft^*  a  latent  period  of  lev 
than  one  second.  Ducceschi  has  remarked  upon  the  refrsctorineae  of 
the  pylwic  region  when  it  is  active.  It  would  appear  that  the  nervoiE 
loechanism  serves  more  to  restrain  the  muscle  than  to  raise  its  irrita- 
bility. Such  inhibition  may  be  very  necessary  to  save  the  stcanad. 
from  the  fatigue  and  perhaps  incoordinatioa  that  mi^t  f<dlow  ht 
reaction  to  every  stimulus  rt^ceived  during  digestion. 

It  is  very  probable  that  there  are  big  differences  again  in  the  nmBclc 
itt  the  duodenum,  which  not  on!y  contracts  so  differently,  btit  hae  a 
xtiortcr  latent  period  and  a  greater  irritability  than  that  of  the  aatrai 
muscle.  This  wax  noticed  by  Meltser.  Schiff  also  remariced,  yeaiF 
ago,  that  when  the  digestive  tract  is  stimulated  actively  by  the  cutting 
off  of  it«  blood  supply,  the  stomach,  with  the  exception  of  the  cardia. 
in  the  part  leiist  affected  (14). 

lie  tendency  of  the  antrum  to  respond  as  a  whole  when  stimulated 
at  any  one  spot  may  have  some  clinica]  interest.  Roent^nologistf 
occasionally  see  such  spasm  in  man  when  an  ulcer  is  located  in  the 
pyloric  rcgtoii.  As  the  pylorus  is  more  irritable  than  the  rest  ai  the 
antrum,  it  is  not  surprising  that  it  should  often  be  closed  so  tightb' 
when  this  part  of  the  stomach  is  irritated.  Interesting  also  to  tbf 
clinician  is  the  tendency  to  deep  hour-glass  contraction  after  stimu- 
lation in  the  preantral  region  in  animals.  That  is  the  common  locatioii 
for  such  Bpajm  iu  man.  This  finding  is  in  agreement  also  with  the 
olMorvation  that  strips  from  this  reg'on  show  a  far  wider  amplitude  of 
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rhjrthinic  coDtractioD  than  do  those  from  any  other  part  of.  the  stomach 
wall. 

I  agree  eotirdy  with  Melteer  that  it  is  quite  hopeleaa  to  attempt  to 
influence  the  stomach  therapeuttcaUy  by  intragastric  or  abdominal 
electricity.  The  refractorineeB  of  the  stomach  in  situ,  particularly 
when  stimulated  through  the  mucous  membrane,  is  so  great  that  even 
powerful  currents  will  produce  no  motor  effect. 


It  has  been  shown  in  the  frog's  stomach  that  the  cardia  is  the  most 
irritable  r^on;  also  that  the  latent  period  is  shortest  at  the  cardia 
and  longest  near  the  pylorus.  These  peculiarities  should  have  much  to 
do  with  insming  the  aboral  course  of  the  peristaltic  waves. 

The  mmnmftlian  atomach  has  been  studied  from  the  point  of  view 
that  it  has  developed  from  a  primitive  tube  much  as  the  heart  has  been 
enlarged  and  specialized.  Reasoning  from  the  grounds  of  comparative 
anatomy  and  embryology,  we  sliould  expect  to  find  the  remnants  of 
this  tube  along  the  lesser  curvature.  Hiese  developmental  diCFereoces 
probably  have  something  to  do  with  the  regional  differences  in  irri- 
tabiUty  and  latent  period  found  in  the  stomachs  of  rabbits,  cats  and  dc^. 

The  latent  period  for  faradic,  galvanic  and  mechanical  stimuli  is 
shortest  around  the  cardia  and  along  the  lesser  curvature  as  far  as  the 
incisura  angularis.  These  limits  include  also  the  most  irritable  part 
of  the  stomach.  The  region  of  the  greater  curvature  and  fundus  is 
much  leas  irritable  and  often  fails  to  react  at  all. 

There  is,  particularly  in  the  rabbit,  a  definite  transition  from  the 
pale  muscle  of  the  body  of  the  stomach  to  the  reddish  muscle  of  the 
antrum.  The  change  in  the  type  of  reaction  to  stimuli  is  equally 
sharp  at  this  line.  In  the  preantrum,  there  are  deep  hour  glass  con- 
tractions; in  the  antrum,  a  centimeter  away,  there  are  small  puckcrings 
often  followed  by  spasm  of  the  whole  pyloric  end.  The  latent  period 
in  the  antrum  is  markedly  lengthened  for  the  faradic  current;  very 
ali^tly  for  the  galvanic. 

The  pyloric  ring  is  more  irritable  and  reacts  more  promptly  tliao  does 
the  rest  of  the  antrum. 

The  duodenum  is  much  more  irritable  than  the  pyloric  antrum. 

Tlie  posterior  surface  of  the  stomach  is  a  little  leas  irritable  than  the 
anterior  surface,  and  the  latent  periods  are  longer. 

With  the  exception  of  the  cardia  and  lesser  curvature,  the  eUymaxii 
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in  situ  is  often  quite  refractory  to  stimulation  in  its  cardiac  half.  This 
seems  to.be  due  to  nervous  inhibition  as  it  is  less  marked  in  the  excised 
stomach,  and  still  less  so  in  strips  of  muscle  cut  fromthe  fundus  or 
greater  curvature. 

It  seems  likely  that  the  nervous  mechanism  serves  more  to  restnuD 
the  muscle — to  keep  it  from  reacting  to  every  stimulus — than  to  render 
it  more  irritable. 

The  little  work  done  so  far  on  the  stomach  of  man  has  given  results 
in  agreement  with  those  obtained  in  animals. 
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The  prevalence  of  pellagra  in  the  United  States  during  recent  years, 
and  the  accumulation  of  evidence  that  it  is  induced  by  a  faulty  diet, 
chiefly  of  plant  origin,  has  aroused  an  interest  never  before  equalled 
in  the  question  of  the  adequacy  of  the  strictly  vegetarian  diet.  In  the 
present  paper  we  desire  to  discuss  the  v^etarian  diet  in  the  light  of  an 
extensive  experience  in  feeding  restricted  diets  to  several  species  of 
animals. 

Testimony  as  to  the  favorable  results  of  human  experience  with 
what  are  purported  to  be  strictly  or  practically  vegetarian  diets  are 
so  untrustworthy  as  to  merit  little  confidence,  because  of  the  frequent 
consumption  of  foods  prepared  with  milk,  e^p,  and  butter,  and  the 
use  of  soupe,  gravies,  etc.,  which  include  extracts  of  foods  of  animal 
origin.  Practical  experience  furnishes  abundant  evidence  that  cattle, 
sheep,  and  other  grazing  animals  grow  from  a  comparatively  early 
age  entirelj'  upon  food  derived  from  plants.  We  have  previously 
reported  considerable  success  in  the  nutrition  of  swine  during  growth  on 
strictly  vegetable  mixtures  when  these  contain  the  leafy  portion  of  the 
plant  (6,  12).  We  have  not,  however,  found  convincing  evidence  that 
any  mammal  has  been  adequately  nourished  from  weaning  time  by  a 
mixture  of  the  seeds  of  plants  and  has  made  the  maximum  amount  of 
growth  and  at  the  maximum  possible  rate.  Pigs  or  rats  may  grow 
for  a  time  on  such  rations,  but  always,  so  far  as  we  are  aware,  at  a  rate 
slower  than  the  normal,  and  they  suffer  suspension  of  growth  before 
the  normal  adult  size  is  reached.  A  colony  of  pigeons  kept  by  the 
Department  of  Experimental  Breeding  at  the  University  of  Wisconsin 
has,  however,  lived  several  years  in  an  enclosure  and  has  been  confined 
to  a  mixture  of  cracked  com,  wheat,  Canada  peas,  hemp  seed,  millet 

, '  Published  with  the  permission  of  the  Director  of  the  Wiacoosin  Experiment 
Station. 
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seed,  and  occasionally  kaffir  com.  They  have  been  normal  in  every 
respect  and  their  breeding  powers  have  not  suffered  impainnent. 
While  pigeons  in  the  open  may  vary  their  diet  with  insects,  wonns, 
etc.,  it  seems  hardly  probable  that  this  could  possibly  have  happened 
to  an  appreciable  extent  in  these  caged  birds.  It  would  appear  that 
the  pigeon  is  not  strictly  comparable  with  pigs  and  rats  as  to  its  nutri- 
tive requirements. 

The  earliest  well  planned  effort  with  which  we  are  familiar  to  test 
the  adequacy  for  growth  and  miuntenance  of  mammals,  of  a  vegetarian 
diet  of  wide  variety,  was  made  by  Slonaker  (1).  He  fed  a  group  (rf 
rats  on  a  strictly  vegetarian  mixture  which  included  not  less  than  twenty 
representatives  of  naturally  occurring  foodstuffs  and  afforded  as  great 
a  variety  as  the  human  v^etarian  in  California  would  be  likely  to 
have  on  fais  table.  Another  group  which  served  as  controls  received 
the  same  diet  and  in  addition  a  small  amount  of  meat  two  or  three  times 
a  week.  The  diets  were  adhered  to  from  the  age  of  one  month  to  tiie 
end  of  life  and  careful  records  were  kept  of  the  rate  of  growth  and  the 
d^ree  of  activity  of  all  the  animals.  The  vegetarian  rats  were  frail 
and  weak  and  showed  extreme  lassitude  and  indifference.  The  omniv- 
orous controls  were  the  reverse  in  all  respects.  They  had  an  average 
span  of  life  of  1020  days  as  compared  with  555  days  for  the  v^etarians. 
Slonaker  concluded  from  a  review  of  the  literature  relating  to  thesub- 
ject  on  man  and  animals  that  similar  results  would  be  obtained  if  man 
were  subjected  to  a  strictly  vegetarian  regime  throughout  his  liretime. 

Our  own  experiments  in  which  rats  were  fed  a  wide  variety  of  vege- 
table foods  confirm  in  all  respects  the  results  of  Slonaker.  We  did  not 
attempt  to  keep  our  rats  beyond  the  ttge  of  six  months  since  our  interest 
lay  in  their  ability  to  make  such  a  choice  of  foods  as  would  best  meet 
their  nutritive  requirements.  The  rats  whose  records  of  growth  are 
shown  in  Chart  1,  Lot  416  received  com,  wheat,  oats,  rye,  cooked  beans, 
green  peas,  wheat  embryo,  com  gluten,  and  wheat  gluten,  flaxseed  oil 
meal,  green  clover  and  green  alfalfa,  onions  and  peanuts. 

Like  Slonaker's  rata  they  grew  at  about  half  the  normal  rate,  but 
ceased  to  grow  after  the  first  ninety  days.  They  appeared  to  be  in  a 
fairly  good  condition  for  a  time  thereafter,  but  were  of  course  pigmieg 
beside  normal  rats  of  the  same  age.  One  female  even  produced  young, 
and  did  the  best  she  could  to  suckle  them,  but  at  ninety  days  of  age 
they  weighed  but  35,  39,  39,  61,  and  36  grama  respectively. 

It  18  safe  to  aay  in  the  light  of  the  results  which  were  secured  in  this 
experiment  as  contrasted  with  those  more  recently  obtained  with  cer- 
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tain  simple  vegetable  mixtures  in  which  no  choice  was  permitted,  (Charts 
2,  3,  4,)  that  the  instinct  of  the  rat  is  not  a  safe  guide  to  the  selection  of 
foodstuffs. 

Voegtiin  in  1914  (2)  reported  that  rats,  mice,  and  monkeys  were 
unable  to  maintain  their  health  for  more  than  a  brief  period  on  a  diet 
of  com,  carrots,  sweet  potatoes^  and  oats.  He  observed,  frequently 
in  three  or  four  days,  lesions  such  as  hyperemia  and  hemorrhage  in  the 
gastro  intestinal  canal.  Sometimes  the  kidneys,  lungs,  and  other 
organs  showed  congestion  and  slight  hemorrhagic  condition. 

Lat4r  studies  by  Koch  and  Voegtiin  (3)  have  shown  remarkable 
changes  in  the  chemical  composition  of  the  nervous  system  of  monkeys 
and  rats  fed  exclusively  on  com  embryo  which  bad  been  deprived  of 
most  of  its  fat  by  pressing.  They  state  that  the  com  embryo  is  poor 
in  substances  preventing  beri-beri.  They  have  observed  similar  results 
when  monkeys  were  fed  com  meal  alone,  corn  meal  and  sweet  potatoes, 
or  raw  carrots  as  the  sole  source  of  nutriment. 

Goldber^ter  (4)  has  contributed  further  evidence  tending  to  incrimi- 
nate the  vegetarian  diet.  VoegtUn,  following  the  suggestion  of  Funk, 
expressed  the  belief  that  the  production  of  pellagra  is  the  effect  of  the 
deficiency  of  certain  unidentified  substances  to  which  Funk  gave  the- 
name  vitamines,  but  he  also  suggests  the  presence  of  toxic  substances 
such  as  aluminum  in  vegetable  foods  and  a  deficiency  in  the  diet  of 
certain  amino  acids  as  possible  causes  contributing  to  the  production 
of  the  symptom  complex  seen  in  pellagra.  Funk  (.5)  believes  in  the 
existence  of  a  number  of  vitamines,  one  preventing  scurvy,  another 
beri-beri,  another  pellagra,  and  has  suggested  the  proba!>ility  of  the 
various  species,  e.g.,  birds  and  mammals  requiring  different  vitamines. 

Experiments  conducted  at  the  Wisconsin  Kxperiment  Station  since 
1906  and  published  in  part  in  1911  (6)  revealed  for  the  first  time  the 
evil  effects  for  cattle  of  diets  restricted  to  the  wheat  plant  and  the  oat 
plant  respectively,  while  the  entire  com  plant  forms  a  perfectly  ade- 
quate ration.  The  Experiment  Station  literature  furnishes  numerous 
reports  of  the  failure  of  the  corn  kernel  alone  to  properly  nourish  pigs 
during  the  growing  period.  Hart,  Miller  and  McCollum  have  recently 
discussed  the  production  of  a  condition  in  pigs  which  is  histologically 
closely  similar  to  if  not  identical  with  polyneuritis  on  diets  containing 
a  considerable  variety  of  vegetable  foods  supplemented  with  minimal 
amounts  of  foodstuffs  of  animal  origin  (6).  Hoist  (7)  and  his  co-workers 
have  reported  the  failure  of  guinea  pigs  to  maintain  life  on  oats  as  the 
sole  food,  whereas  oals  and  cabbage  proved  adequate  for  the  mainte-. 
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Dance  of  well-being.    This  he  attributed  to  a  lack  of  an  antiscfflbutie 
subBtance  which  ia  supplied  by  the  cabbage. 

Young  rata  of  30  to  50  grams  weight  are  unable  to  grow  or  to  king 
maintain  life  when  fed  exclusiTely  on  one  from  the  following  Ust  of 
v^etable  products:  Com,  wheat,  oats,  barley  or  rye  kernel,  polished 
rice,  peas,  beans,  cottonseed  meal,  cottonseed  flour,  alfalfa,  com  germ, 
wheat  germ,  flaxseed  oil  meal,  peanut^,  onions,  cabbage,  com  gluten, 
or  wheat  gluten.  It  is  of  great  interest,  therefore,  to  obeerve  the 
effect  of  feeding  a  mixture  of  two  of  these  ingredients,  either  of  n^iich 
alone  fails  to  support  growth  or  maintain  wdl-being  in  the  rat.  Chart  2, 
Lot  478,  shows  how  nearly  nutrition  approaches  the  nonnal  expecta- 
tion when  rats  are  fed  a  simple  mixture  of  alfalfa  flour  40  and  polished 
rice  60  per  cent.  Two  of  these  rats,  the  male  and  one  female,  reached 
83  and  80  per  cent  of  the  weight  normal  for  the  adult  and  are  still  in 
good  condition  after  ten  months  on  this  diet.  Two  Utters  of  young 
were  produced  by  one  of  the  females,  but  were  not  reared.. 

Chart  3,  Lot  273,  illustrates  the  practically  complete  nutrition  of 
rats  fed  on  a  monotonous  diet  of  ground  com  (maize)  SO,  alfalfa  flour 
30  and  peas  20  per  cent.  One  female  (6)  has  produced  three  litters 
of  young  during  the  first  ten  months  on  this  diet  and  has  successfully 
reared  two  litters.  Her  daughter,  which  never  had  any  other  food 
except  that  on  which  the  mother  had  Uved,  grew  to  normal  maturi^ 
(Chart  3,  No.  7)  and  has  brought  forth  a  htter  of  young  and  success- 
fully reared  them,  the  young  appearing  perfectly  nourished  at  the 
present  age  of  twelve  weeks.  They  have  been  conflned  to  the  same 
mixture  which  nourished  their  mother  and  grandmother. 

Chart  4,  Lot  271,  illustrates  the  behavior  of  a  group  of  rats  fed  ex- 
clusively  from  an  early  age  (about  one  month)  on  a  monotonous  diet 
of  ground  corn  SO,  alfalfa  flour  30,  unextracted  wheat  embryo  20  per 
cent.  Their  growth  was  somewhat  slower  than  the  normal  expectation, 
but  three  females  have  reached  noo-pr^nant  weights  of  two  hundred 
grams,  which  is  somewhat  greater  than  that  of  many  animals  in  our 
breeding  stock  which  receive  a  mixture  of  corn  30,  wheat  30,  oats  30and 
flaxseed  oil  meal  10  per  cent,  and  a  liberal  supply  of  fresh  milk  daily, 
and  clover  or  alfalfa  daily  when  it  can  be  obtained  fresh. 

The  breeding  record  of  this  lot  is  poor,  four  females  now  nearing  the 
end  of  their  period  of  sexual  activity,  have  produced  but  three  litters, 
two  of  these  litters  being  reared.     The  nutrition  of  these  rats  as  shown   ■ 
by  their  appearance  is  faulty.     At  the  age  of  one  year  they  appear 
eld  and  all  are  suffering  somewhat  with  skin  eruptions  which  cause 
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scratching.  Their  hair  is  coarse  and  thin.  Their  ears  and  tails  have 
remained  free  from  iaflammation  and  hemorrhage.  These  conditions 
we  have  frequently  observed  in  rats  fed  upon  certain  rations  of  in- 
adequate character.  Cutaneous  horns,  often  more  than  a  centimeter 
long,  frequently  grow  upon  the  noses  of  rate  suffering  mal-nutrition. 
These  usually  disappear  within  a  month  when  the  animals  are  placed 
upon  a  highly  satitJactory  diet.  Certain  dietary  deficiencies  lead  to 
an  inflamed  and  oedematous  condition  of  the  eyes  (8). 

An  adequate  working  hypothesis  concerning  the  essential  factors 
which  operate  in  the  making  of  a  successful  food  mixture  is  of  funda- 
mental importance  as  a  guide  to  the  study  of  the  natiue  and  extent  of 
the  deficiencies  of  the  individual  natural  foodstuffs.  Such  a  one  is, 
we  believe,  now  available.  McCollum  and  Davis  (9)  working  with 
dieto  consisting  of  purified  protein,  carbohydrate,  fats,  and  salt  mix- 
tures have  established  the  fact  that  in  addition  to  these  dietary  cod- 
atituento  there  must  also  be  supplied  two  factors  whoxe  chemical 
natures  are  at  present  unknown. 

Since,  apparently,  nothing  is  known  regarding  the  chemical  natures 
<^  these  dietary  essentials,  and  since  the  unknown  factor  which  is 
present  in  certain  fate  seems  to  contain  neither  nitrogen  nor  phos- 
phorus, we  have  for  reasons  set  forth  elsewhere  (10)  proposed  to  discon- 
tinue the  term  vitamine.  This  term  is  now  frequently  used  to  include 
a  number  of  hypothetical  substances  each  of  which  is  supposed  to  so 
r^ulate  the  metabolism  as  to  prevent  a  type  of  pathological  function- 
ing. Instead  of  using  this  general  term  to  include  all  such  substances, 
we  have  suggested  the  terms  fat  soluble  A  and  water  soluble  B  (10). 
The  fat  soluble  A  which  is  essential  for  growth  ^d  certainly  in  mammals 
for  maintenance  as  well,  was  first  observed  in  butter  fat,  but  was  later 
found  to  be  present  in  many  natural  foodstuffs.  Butter  fat  and  ^g 
yolk  fat  apparently  contain  more  of  it  than  any  other  natural  foods. 
Animal  tissues  contain  some  of  this  unknown  factor,  especially  the 
active  ot^ans.  It  is  present  in  small,  but  wholly  inadequate  amounte 
in  the  cereal  grains,  A  much  greater  content  of  it  is  found  in  the  leaves 
of  the  forage  plante,  among  which  we  have  studied  the  flour  prepared 
by  grinding  alfalfa  leaves.  The  v^etable  oils  generally  contain  very 
little,  if  any,  of  this  substance.  It  is  a  curious  fact  that  certain  seeds, 
such  as  the  com  kernel  which  undoubtedly  contains  it,  since  rations 
no  made  up  that  the  only  factor  lacking  is  supplied  by  butter  fat,  are 
also  rendered  capable  of  promoting  growth  to  some  extent  in  the 
absence  of  butter  fat,  by  the  inclusion  of  ground  corn.     Apparently 
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in  the  plant  cell  this  substance  is  not  associated  with  the  fats  and  is  not 
readily  removed  by  fat  solv^its.  Posaibly  it  is  in  chemical  union  and 
is  in  a  form  not  soluble  in  fats. 

The  second  dietary  factor  of  unknown  chemical  composition,  the 
water  soluble  B,  appears  never  to  be  associated  with  the  fat  fraction  as 
it  is  isc^ted  from  natural  foods.  It  is  readily  soluble  in  water  and  in 
alcohol,  but  very  s!ightly  soluble  in  acetone,  benzene,  ethyl  acetate  and 
is  icsoluble  in  ether  (10). 

In  our  experimental  diets  we  have  employed  either  water  extracts 
or  alcoholic  extracts  of  wheat  embryo  as  a  source  of  the  water  soluble  B, 
since  this  material  b  so  rich  in  it  that  two  per  cent  of  embryo  in  the 
diet  is  adequate  for  growth  at  the  normal  rate,  provided  all  other  factors 
are  properly  adjusted  (9).  For  the  fat  soluble  A,  three  to  five  per 
cent  of  butter  fat  suffices.  Diets  consisting  of  purified  protein,  dextrin 
and  salta,  which  will  not  induce  groHi.h  in  young  rats,  likewise  produce 
no  growth  when  one  of  the  additions,  wheat  embryo  extr.ict  or  butter 
fat  is  added,  but  becomes  adequate  when  both  are  present  (9). 

Extracts  which  contain  the  dietar>'  factor,  the  water  soluble  B,  also 
relieve  polyneuritis  in  pigeons  which  is  induced  by  diets  of  polished 
rice  or  purified  foodstuffs  (10).  There  are  many  reasons  for  beheving 
that  it  is  one  and  the  same  substance  which  is  concerned  in  the  cure 
of  this  disease  and  in  inducing  normal  maintenance  and  growth. 

We  question,  for  reasons  which  will  appear  later,  the  justification 
of  Funk's  assumption  of  the  existence  of  several  unknown  chemicai 
dietary  constituents.  We  are  convinced  that  all  the  observed  patho- 
Ic^cal  phenomena  can  be  accounted  for  in  maladjustments  relating 
to  the  following  factors:— the  inorganic  constituents;  poor  quality 
and  inadequate  quantity  of  the  protein  content;  shortage  of  the  sub- 
stances A  or  B,  or  of  both  of  them,  and  in  certain  cases  the  presence  of 
toxic  constituents  in  the  natural  foodstuffs.  The  latter  may  be  of 
either  inorganic  or  organic  nature.  Aluminum  and  colloidal  silica 
in  the  one  class  have  been  suggested  (2)  and  gossj'pol  of  the  cottonseed, 
and  the  toxic  effect  of  the  oil  of  the  wheat  kernel  which  we  have  re- 
cently described  (II)  may  l>e  cited  as  examples  of  the  second. 

We  have  now  tested  fully  on  three  natural  foodstuffs  viz,  wheat, 
wheat  embryo,  and  rice,  our  working  hypothesis  which  postulates  the 
need  of  but  two  chemically  unidentified  factors  A  and  B  as  described 
above  in  addition  to  the  well  recognized  constituents,  protein,  carix>- 
hydrate  and  inorganic  salts.  These  studies  make  possible  the  inter- 
pretation of  the  wAys  in  which  the  vegetable  foodstuffs  may  give  rise 
to  metabolic  disturbances. 
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The  wheat  kernel  alone  does  not  induce  growth  in  the  rat  or  the  pig 
(12).  By  a  systematic  procedure  we  have  fed  to  different  groups  of 
young  rats  the  following  rations:  (1)  Wheat  and  suitable  salt  additions 
which  made  the  mineral  content  similar  to  that  of  milk;  (2)  wheat  and  a 
purified  protein,  casein;  (3)  wheat  and  butter  fat  to  furnish  the  fat 
soluble  A;  (4)  wheat,  salts  and  protein;  (5)  wheat,  salts  and  butter  fat; 

(6)  wheat,  butter  fat  and  protein ;  (7)  wheat,  salts,  butter  fat  and  protein. 
It  has  been  definitely  established  that  while  rations  1  to  3  inclusive 

improve  the  condition  of  the  animals  in  some  d^ree,  appreciable 
growth  or  prolonged  wellbeing  is  not  possible.  Chart  5,  Lot  223, 
illustrates  how  ration  (4)  supports  growth  at  the  normal  rate  to  nearly 
normal  adult  size  followed  by  early  failure.  Chart  6,  Lot  319,  illustrates 
how  ration  (5)  which  includes  the  addition  of  both  salts  and  butter  fat 
to  wheat  fails  to  induce  normal  nutrition.  These  rats  were  very 
inactive,  and  this  appeared  to  be  the  result  of  depressed  sensibility. 
One  was  finally  killed  when  in  a  very  feeble  state  and  one  lung  was 
found  badly  infected.  The  other  slowly  lost  weight  after  reaching  a 
weight  of  only  215  grams.  Chart  7,  Lot  380,  shows  relatively  little 
growth  on  ration  (6)  when  butter  fat  and  protein  were  ^ded  to  wheat. 
When  failure  was  imminent  and  the  animals  exhibited  partial  baldness 
and  eczematous  condition  of  the  skin,  tail,  and  ears,  a  salt  mixture  of 
suitable  composition  was  added,  with  the  result  that  two  of  them 
promptly  responded  with  rapid  growth  to  the  normal  adult  size  and 
all  made  complete  recovery  from  their  pathol<%ical  condition.     Ration 

(7)  (Chart  8,  Lot  223  B)  on  the  other  hand  is  complete  and  induces 
growth  to  the  usual  adult  size  at  the  normal  rate  and  supports  repro- 
duction at  normal  intervals  and  successful  suckling  of  the  young  was 
the  rule.  These  animals  bad  sleek  coats  and  appeared  to  be  perfectly 
nourished.  We  have  here  a  complete  picture  of  the  dietary  deficieocies 
of  the  wheat  kernel.  In  addition  to  proteins  of  poor  quality,  an  in- 
adequate content  of  the  unknown  substance,  the  fat  soluble  A,  an 
unsatisfactory  inorganic  content,  wheat  also  contains  a  toxic  constitu- 
ent which  may  contribute  in  certain  rations  to  the  failure  of  nutrition 
of  the  animals.  This  is  brought  out  by  the  charts  illustrating  the  cause 
of  nutritive  failure  of  rats  fed  wheat  embryo. 

Wheat  germ,  when  fresh,  is  a  fairly  palatable  food  containing  about 
10  per  cent  of  oil  and  30  per  cent  of  protein.  In  experiments  with  pigs 
confined  in  metabolism  cages  during  forty  days  and  fed  a  ration,  the 
protein  of  which  was  derived  entirely  from  this  source,  it  has  been  found 
that  as  much  as  39  per  cent  of  the  nitrogen  ingested  may  be  retained  for 
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titMnlli  F^IIMllliM'  («it>"i'iMii*(itM  wlUi  the  nitrogen  of  the  entire  wheat 
l»'HM<l  i(li>l  ViWU  nkliii  li>lll«  Hliiiwml  rntontion  of  20  and  63  per  cent 
M'X|<i<i-Mu'1v  or  llii>  (ii|i<<«li'il  iiitT<>K«ii.  The  proteins  of  the  wheat 
|t«Hii  iMi',  llii>M>riih>,  iif  |i<MP(l  ()tmlity.  This  is  borne  out  by  the  curves 
\\\  \\w\  W.  I'Xi  ilUi',  in  whioli  Uit'  maximum  growth  took  place  on  a 
\'\\M\  \'m\»M\\i  l<tll  II)  \m'  ti'itt  of  total  protein  all  derived  frwn  this 

Wvi  \\ji,\\\  \\w,M\*'»,\  fim\f\\'(W  Utv  roiuplete  amea  of  experimente 
^^^^^*^H^^^^*  »W  *\-*huv  <*('  Xiw  *lipl*ry  »Wiw«»ciee  of  the  mbeat  genn(ll). 
^Vwi'  \\»  1*N>'«N*  *sv  ^''l'  w^'^^^l  ii«l««si  in  nnunectkn  with  tbe  [Hesent 
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amount  of  the  aecond  unkuowa  dietary  constituent  which  we  have 
described  above  as  the  water  soluble  B  (Chart  14,  Lot  401).  The 
mixture  of  rice  and  purified  additions  just  enumerated  becomes  a 
complete  ration  when  there  is  added  to  it  a  small  amount  of  a  water 
or  alcoholic  extract  of  wheat  embryo  or  of  ^g  yolk'.  We  now  know 
that  active  extracts  can  be  prepared  from  a  long  list  of  natural  foods 
including  unpolished  rice,  the  cereal  grains,  v^etables  and  leaves  of 
forage  plants.  Polished  rice  is  comparable  to  a  mixture  of  purified 
proteins,  carbohydrates,  and  salt.  Its  protein  content  is  probably 
too  low  to  support  maximum  growth  and  it  is  poor  in  inorganic  ele- 
ments and  these  are  probably  not  present  in  relations  approximating 
the  optimum.  In  addition,  however,  it  is  deficient  in  both  the  dietary 
factors  A  and  B.  In  contrast  to  wheat  which  contains  the  B  in  abun- 
dance (See  Chart  19,  Lot  475),  but  requires  three  kinds  cA  purified 
additions,  rice  requires  fom-  kinds  to  make  it  complete. 

It  has  been  pointed  out  that  the  ration  of  Chart  11,  Lot  585,  leads  to 
failure  bepause  of  its  imsatisfactory  inoi^anic  content.  When  this 
is  suitably  modified  by  salt  additions  growth  proceeds  at  the  maTiiriuTn 
rate  (Chart  9,  Lot  397).  This  serves  as  an  illustration  of  how  we  cod 
bring  animals  into  a  patholc^cal  condition  and  place  the  responsibility 
upon  a  single  dietary  factor.  Chart  12,  Lot  495,  serves  as  an  example 
in  which  nutritive  failure  follows  as  the  result  of  the  toxic  constituent 
carried  by  the  wheat  germ,  all  other  factors  being  known  to  be  so 
adjusted  as  to  induce  maximum  growth  and  apparently  perfect  nutri- 
tion for  a  long  period.  It  is  now  possible  to  complete  the  series  and 
describe  rations  which  will  lead  to  nutritive  disaster,  and  to  point 
definitely  to  each  of  the  other  dietary  factors  discussed  above,  as  being 
sin^y  responsible  for  the  failure  of  the  animals. 

In  Chart  13,  Lot  324,  the  ration  of  polished  rice,  casein,  dextrin, 
butter  fat,  a  salt  mixture  and  agar-agar,  is  entirely  adequate  for  growth 
except  that  it  lacks  the  water  soluble  B.  Chart  14,  Lot  401,  illustrates 
the  vigorous  growth  which  ensued  when  this  factor  was  supplied  in 
the  form  of  a  cold  water  extract  of  wheat  embryo.  (Compare  Charts  13 
and  14).  Chart  15,  Lot  417,  illustrates  the  failure  of  rats  to  grow  on  a 
ration  of  casein,  dextrin,  a  salt  mixture  and  agar-agar,  the  food  mix- 
ture carrying  an  abundance  of  the  water  soluble  B  in  its  content  of 
water  extract  of  wheat  embryo.  The  cause  of  this  is  the  lack  of  the 
fat  soluble  A  as  is  shown  by  Chart  16,  Lot  418,  which  grew  at  the  maxi- 
mum rate  when  fed  a  ration  closely  similar  in  all  respects,  but  contain- 
ing 5  per  cent  of  the  butter  fat. 
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Chart  6,  Lot  319,  shows  failure  of  nutritioa  due  to  the  low  content  of 
proteins  of  relatively  poor  quality.  AU  the  other  factors  in  the  ration 
are  satisfactory  and  this  ration  becomes  wholly  adequate  to  support 
n<»Tnal  growth  and  reproduction  when  it  is  supplemented  by  a  pure 
protein  and  no  other  addition  (Chart  8,  Lot  223B).  Without  protein 
addition  the  span  of  life  was  limited  to  nine  to  eleven  months  and  the 
full  adult  site  was  never  reached. 

We  are  at  present  engaged  in  a  histotc^cal  and  pathological  study 
of  animals  whose  failure  of  nutrition  was  brought  about  by  the  methods 
of  feeding  described  above  in  which  but  a  single  dietary  factor  operated 
in  inducing  a  pathological  state.  It  is  hoped  that  these  results  may 
materially  advance  our  understanding  of  the  effects  of  ^>eci£c  starva- 
tion. 

Among  the  sj'mptom  complexes  recogoiied  by  clinicians  as  attrib- 
utable to  inadequacy  of  diet  are  beri-beri,  scurvy,  and  pellagra.  The 
first  two  aro  now  almost  universally  conceded  to  be  due  to  a  deficiency 
of  a  chemical  factor  in  the  diet.  Hess  (14)  has  reached  the. conclusioD 
that  the  s^Tiiptomatologj'  of  beri-ben  and  scurv>'  have  many  features 
in  common. 

Concerning  pellagra  disagreanent  still  exists  as  to  whether  it  is  a 
dietary"  disease.  The  noteworthy  achievements  of  Funk  whose  ex- 
tensi^'e  investigations  of  avian  poK'neuritis  entitle  Jiis  views  to  respect 
belie\'es  that  each  of  these  diseases,  ben-beri.  scurvy,  and  pellagra  is 
the  specific  result  of  a  deficiency  in  the  diet  of  a  specific  substance  which 
be  termed  riSamine  (151.  Funk  (5^  apparently  believes  that  the 
existence  of  three  recosmiiablo  patholofncal  states  all  attributable  to 
fawlty  diet  warrants  the  assumption  of  the  existence  of  three  unidenti- 
fied chemical  factors  which  fonu  the  spwilic  \-iiamines.  each  of  wUch 
when  present  so  reiwlatcs  the  nictalxilis.-n  as  to  pre%-ent  a  particular 
t>-pe  of  abnomi.-U  functioning  of  the  eel's. 

The  ina<lo»iu.icy  of  the  swct'pir.p  exp'..-»r:at  ion  offered  by  F>ink  (16)  and 
Voei;>Hn  ^17'  that  polL-isra  is  caui^vl  by  a  1»ok  of  \~itamines  is  af^tent 
frtttn  Vot^lin's  ol»j<'rvatioiis  on  STii:;'.s!s  fed  eom  meal  and  com  meal 
and  swwt  potsio  ,^  .  F.-i:'ure  of  rii;'r;;:on  with  severe  degeneraiive 
chaoj^y^s  in  the  ner\»us  s^-^erj  ar.d  esr'v  dt\-)th  were  observed.  We 
pivser.l  in  this  cv»:ii:ei-tio:i  t'so  c,ir%Tcs  ■>:'  in>w:h  of  a  crxvip  of  rats  whose 
ration  cv^ns:*:eii  of  CT\*ur..l  tvr:i  TI-S.  .v.«-;r.  lS,i\  SiS.'-  2.0.  salts  3.7, 
and  bu"<T  fat  5.0  pr-r  rt-r.:  Ch-irj  17.  Li'^i  ot>S  .  The  casein  wis 
puHiie-i  to  a  pr*i'tit"^*I'y  a:>h  frw  ,^^".i,;:.^r.  ar,,^  r;u>:  be  rrfarded  as 
frwe  fnvn  i  '.:■•,: -.<s  a#  wi'.'..     Asi.ie  f:v.:'u  the  «s*r.;,.v  \iictaiy  factor 
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furnished  by  butter  fat  all  chemical  substances  of  unknowD  nature 
which  could  possibly  be  termed  vitamincs  are  supplied  by  the  com. 
These  animals  are  in  a  state  df  excellent  nutrition  at  the  present  time 
after  six  months  on  this  diet.  We  do  not  wish  at  this  time  to  discuss 
at  lei^th  the  nature  of  the  dietary  deficiencies  of  the  corn  kernel,  but 
we  can  add  that  if  in  the  above  ration  either  the  casein  or  the  butter 
fat  is  omitted  the  nutrition  of  the  animals  is  distinctly  interfered  with. 
Com,  according  to  our  interpretation,  contains  a  liberal  supply  of  the 
water  soluble  B,  but  less  than  the  optimum  amount  of  the  fat  soluble  A, 
together  with  proteins  of  poor  quaUty,  as  one  of  us  has  already  pointed 
out  (18).  Its  inorganic  content  is  entirely  inadequate  to  support 
powth  (Chart  18,  Lot  618).  The  explanation  for  the  failure  of  nutri- 
tion of  the  monkeys,  of  Koch  and  Vo^;tlin  (3)  is,  we  venture  to  suggest, 
to  be  found  in  a  maladjustment  of  the  well  recognized  chemical  con- 
Btituents  of  the  diet  rather  than  in  "lack  of  vitamincs." 

Vo^lin  (17)  has  recently  discussed  the  effect  of  milling  of  com  on 
the  removal  of  the  vitamine-containiug  portion  of  the  grain  and  has 
itdranced  the  theory  that  the  modem  methods  of  milling  of  corn  are  an 
important  factor  in  the  causation  of  pellagra  in  the  south.  This  is 
probably  an  important  contributing  factor,  but  there  is  certainly  a 
great  tendency  to  over  estimate  the  importance  of  the  as  yet  unidenti- 
fied chemical  factors  lumped  together  as  vitamines,  and  to  attribute  to 
them  an  importance  paramount  to  the  other  factors  ctf  the  diet.  Al- 
though bis  experimental  diets  have  all  been  entirely  too  complex  to 
interpret,  Goldberger  (19)  shows  a  creditable  grasp  of  the  situation 
when  he  states:  "The  possibility,  if  not  the  probability,  of  a  'twilight' 
zone  within  which  a  very  slight  change  in  any  of  the  dietary  components 
may  cause  an  important  shift  of  balance  is  not  to  be  overlooked. " 
We  have  in  the  present  and  ih  former  papers  described  methods  of 
experimentation  which  enable  us  to  isolate  the  individual  dietar>' 
factors  and  to  evaluate  in  any  natural  foodstuff  the  individual  dietar>- 
components,  and  have  shown  how  the  degree  in  which  the  shortcom- 
ings of  one  natural  foodstuff  are  corrected  by  the  supplementary 
character  of  another,  can  be  studied  by  biological  methods  sufficiently 
sensitive  to  yield  results  of  great  practical  value. 

Our  practically  complete  success  in  the  nutrition  of  rats  with  strictly 
vegetarian  diets  made  up  of  but  three  natural  foodBtuffs,  and  the  failure 
attending  the  emploj^ment  of  a  wider  variety  in  the  food  mixture, 
emphasizes  the  fallacy  of  the  assumption  that  the  safest  plan  to  insure 
perfect  nutrition,  is  to  include  a  wide  variety  in  the  selection  of  the 
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constituenta  of  the  diet.  So  long  as  definite  knowledge  is  wanting 
concerning  the  specific  nutritive  properties  of  the  coDStitueuta  of  the 
diet,  variety  will  unquestionably  make  for  safety,  but  will  not  by  any 
means  assure  safety,  and  indeed  can  scarcely  secure  the  optimum  result 
in  any  considerable  per  cent  of  cases.  As  soon  as  we  possees  an  ade- 
quate knowledge  of  the  specific  properties  of  our  natural  foodBtu& 
and  their  supplementary  relations  to  each  other,  it  will  certainly  be 
possible  to  compound  fairly  simple  and  monotonous  diets  which  can 
be  depended  upon  to  induce  physiological  well-being  closely  apfutHd- 
mating  the  optimum. 

The  conscientious  adherence  to  a  vegetarian  diet  by  one  who  has  no 
adequate  technical  knowledge  regarding  the  subject  of  diet  appean 
to  be  fraught  with  danger  dince  among  the  foods  of  v^etable  origin, 
ordinarily  consumed  by  human  beings,  several  dietary  factors  are  as  a 
rule  of  an  unsatisfactory  chemical  character.  It  is  certain  that  all  of 
the  components  of  a  successful  diet  are  present  in  foods  of  plant  origin. 

The  data  which  we  have  discussed  in  the  present  paper  should  we 
believe  serve  to  orient  investigations  of  this  complex  subject,  and 
emphasize  the  great  possibilities  for  human  nutrition  and  animal 
production  of  properly  directed  research  in  this  field. 
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Chart  1.  Lot  416  illustrates  the  failure  of  young  rata  to  select  from  a  libentl 
variety  of  vegetable  foodstuffs  the  ingredienta  and  proportions  best  suited  to 
their  physiological  requirements.  After  90  days  there  was  no  growth.  One 
female  even  produced  a  litter  of  young  and  made  an  effort  to  rear  them,  but 
these  young  at  the  age  of  90  days  weighed  but  35,  39,  39,  61,  and  36  grams  respec- 
tively. Everything  necessary  for  complete  nutrition  was  present  in  the  foods 
regularly  supplied,  as  is  shown  by  the  good  growth  of  Chart  3,  Lot  273,  which 
received  a  monotonous  mixture  of  corn,  peoa,  and  alfalfa  flour.  The  cause  of 
the  poor  nutrition  of  these  animals  is  probably  to  be  found  in  the  relatively  low 
conlenl'of  proteins  of  poor  quality,  unsatisfactory  relationships  among  the 
inorganic  constituents  of  the  diet,  a  low  content  of  the  fat  soluble  A  and  to  some 
extent  to  the  presence  of  toxic  substances  in  certain  vegetable  foodstuffs.  Ap- 
petite is  not  to  be  a  safe-guide  to  the  selection  of  food.  The  five  short  curves  are 
those  of  the  second  generation. 

f  n  this  and  succeeding  charts  Y  marks  the  birth  of  young. 
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This  rut  grew  from  weaning  lime  lo  83  per  cent  of  the  nomiul  udult  uhr  on  a 
iijuiple  mixture  of  polished  rice  60,  and  alfalfa  flour  40  per  cent.  Although  some- 
whni  undersized  these  rate  appear  nearly  normal  and  a  female  has  produced 
two  littrrH  of  young  after  having  gron-n  u[i  on  this  diel.  (See  tegend  to  f'hnrt  2. 
Lot  478.) 


Hour  30  and  wheat  germ  20  i>er  cent.     The  albini 
on  thp  left.     (See  legond  to  Chart  4.  Lot  271.1 


Thf  above  phottq^ruphu  illuatruti-  the  appeirunot  of  thru  geueratious  of 
ruts  which  have  been  confined  strietly^to  a  iliel  of  corn  50,  alfalfa  flour  30  and 
cooked  i>eB8  20  per  cent.  The  mixture  waH  finely  ground  so  that  the  ingredients 
could  not  be  picked  out.  The  albino  and  her  daughter  are  flhown  above,  and 
her  granddaughter  below.     (See  legend  to  Chart  3,  Lot  273.  < 
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Chart  2.  Lot  478  showB  fairly  grfod  growth  in  the  ciLse  of  two  animals  to  HI 
Aod  83  per  cent  of  the  normal  adult  weight,  on  a  monotonous  mixture  of  polished 
rice  60  and  alfalfa  flour  40  per  cent.  These  rate  appear  well  nourished  after 
nine  months  on  this  diet.  It  is  evident  that  both  the  unidentified  dietary  fac- 
tors, the  fat  soluble  A  and  water  soluble  B  are  furnished  by  the  alfalfa  content 
.  of  the  ration,  since  heated  polished  rice  contains  neither  of  them.  The  cause  of 
the  failure  of  these  rats  to  reach  the  full  adult  size  rests  principally  in  the  loir 
protein  content  of  this  ration,  together  with  the  relatively  poor  quality  of  the 
proteins.  We  are  now  studying  the  factors  which  contribute  in  this  ration  to 
prevent  complete  nutrition. 
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Chart  3.  'Lot  273  illiutrat«B  practically  complete  nutrition  of  the  rat  on  a 
simple  mixture  entirely  of  vegetable  origin.  Rat  No.  6  grew  from  the  age  of 
about  one  month  on  this  diet  of  com,  alfalfa  Sour  and  peas,  and  produced  three 
litters  of  young  and  two  litters  were  successfully  reared.  Her  daughter,  No.  7. 
has  been  confined  to  the  same  diet  all  her  life  and  has  reached  the  normal  adult 
siie  and  has  produced  and  aucceasfully  weaned  a  litter  of  young.  These  young 
^pear  perfectly  well  nourished  and  are  of  normal  siie  for  their  age  of  twelve 

The  favorable  results  obtained  with  this  ration  are  of  special  interest  wbeit 
considered  together  with  the  poor  results  of  fending  a  wide  variety  of  vegetable 
foods,  which  included  the  three  components  of  this  ration.  (Compare  Chart  1, 
Lot  416.) 

With  an  adequate  knowledge  of  the  dietary  properties  of  each  of  the  naturally 
occurring  foodstuffs  perfect  nutrition  can  be  attained  in  the  omnivorous  rat 
with  a  diet  wholly  of  plant  origin,  but  the  animal  cannot  select  with  its  appetite 
as  a  guide,  the  proper  amounts  and  combinations  which  would  best  promote  its 
well-being.  Rats  3  and  4  were  inferior  breeders,  and  were  isolated  at  the  point 
marked  on  the  curves  and  were  given  butter  fat.  There  is  no  evidence  that 
this  improved  their  nutrition. 
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Chart  4.  Lot  371  shows  that  wheat  embryo  wheo  combined  with  corn  and 
alfalfa  flour  does  not  nourish  rats  so  successfully  as  does  the  same  mixture  with 
peas  repUcing  the  wheat  embryo.  (Compare  Chart  3,  LoJ  273.)  Wtule  the 
three  females  have  reached  the  full  adult  aiie  they  have  produced  but  three  Utters 
of  young  altogether,  although  they  are  now  nearing  the  end  of  their  reproductive 
period.  The  value  of  the  protein  mixture;  the  composition  and  content  of  the 
inorganic  constituents;  substances  which  act  unfavorably  on  the  animals,  aet 
together  with  a  content  of  the  unidentified  essential  dietary  factors  A  and  B, 
in  determining  the  value  of  the  diet.  Without  doubt  palatability  is  frequently 
a  factor  contributing  to  success  or  failure. 
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Chart  5.  Lot  223  illustrates  a  diet  which  induces  rapid  growth  for  three  to 
four  mODths,  but  will  not  prevent  rapid  decline  after  that  time.  These  rata 
presented  a  very  miserable  condition  at  the  end  of  the  period  shown  by  their 
curves.  The  cau^  of  failure  is  the  lack  of  a.  single  dietary  essential,  the  fat 
soluble  A.  When  this  is  supplied  by  the  addition  of  butter  fat  the  ration  becomes 
entirely  satisfactory  for  the  completion  of  growth  and  for  the  normal  amount  of 
reproduction.    (Compare  Chart  S,  Lot  22?B.) 
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Chart  6.  Lot  310  is  another  illustration  of  a  ration  which  fails  to  support 
growth  at  the  maximum  rate  and  in  which  but  a  single  dietary  factor  is  respon- 
sible. (Compare  Chart  5,  Lot  223.)  When  pure  protein  (casein)  ia  added  to 
this  food  mixture,  it  becomes  adequate  for  practically  perfect  nutrition  of  Iht 
rats.     (Compare  Chart  8.  Lot  223B.) 
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Chart  7.  Lot  380  illustrates  failure  to  grow  QormBlly  on  a  diet  which  is  ade- 
quate except  in  the  character  of  ita  inorganic  content.  At  the  points  marked 
on  the  curves  a  suitable  Bait  mixture  was  added.  Tbc  rata  at  this  time  had  lost 
most  of  their  hair  and  were  sufFcring  from  an  cczcmatouB  condition  of  the  skin, 
ears,  and  tail.  On  tbc  addition  of  the  salt  mixture  there  was  a  prompt  acceler- 
ation of  growth  anda  complete  recovery  fr*m  the  pathological  condition  described. 
This  ration  with  the  salt  mixture  added  is  the  same  as  that  of  Chart  8,  Lot  223B. 


r>' Google 


E.   V.   HCCOLLUH,   N.  SIUHONDS  AND  W.   PITZ 


.. 

Uf 

lUB 

n 

is 

:?-^ 

• 

"!! 

r  (• 

" 

o 

„,., 

;:'. 

rs 

It'r 

" 

p 

-t> 

.■ 

■' 

y 

c 

— 

-r 

;i; 

■■'- 

■--i 

_, 

/ 

L--' 

7 

[ 

''\ 

/^ 

'~i 

/' 

i>" 

/ 

-^ 

/ 

';> 

// 

r 

/ 

1 

>< . 

/ 

7 

1 

Chart  8.  Lot  223B  should  be  considered  in  cooDection  with  Chart  5,  Lot  223, 
which  lead  to  (allure  becauee  of  the  lack  of  an  adequate  content  of  the  fat  toluble 
A,  and  with  Chart  6,  Lot  319,  which  led  to  failure  because  of  a  tow  protein  content 
of  poor  quality-  The  above  Chart  (Chart  S)  shows  the  complete  nutrition  of 
rats  fed  a  cloaely  similar  ration  with  the  above  mentioned  shortages  made  good. 
Although  wheat  contains  a  certain  amount  of  a  toxic  constituent  the  ration  of 
Lot  223B  is  otherwise  so  satisfactorily  made  up  that  the  injurious  effect  of  this 
is  not  apparent.  (Compare  Chart  9,  Lot  397,  Chart  10,  Lot  521,  Chart  11,  Lot 
585,  and  Chart  12,  Lot  495.)  This  shows  the  fallacy  of  attempting  to  prove  the 
presence  or  absence  of  an  injurious  character  of  moderate  intensity  in  a  food  or 
drug  by  including  il  in  a  diet  otherwiac  satisfactory.  With  a  diet  less  efficient 
in  one  or  more  other  factors  the  injury  due  to  the  toxic  factor  in  question  would 
become  apparent. 
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Chart  9.  Lot  397  shows  growth  at  the  maximum  rate  on  a  ration  o(  fat  free 
wheat  embryo,  a  salt  mixture,  dextrio  and  butter  fat.  Until  they  are  nearly 
teu  months  old  these  rats  appeared  perfectly  oouriehed.  This  Chart  should  be 
considered  in  comparison  with  Chart  10,  Lot  521,  which  illustrates  failure  to 
grow  normally  on  a  ration  like  that  of  Lot  397  except  that  the  butter  fat  as 
omitted,  and  with  Chart  11,  Lot  SS5,  which  was  closely  similar  to  that  of  Lot  397, 
except  that  in  period  1  no  salt  additions  were  made.  Chart  12,  Lot  495,  iMustrates 
the  injurious  effect  of  wheat  embryo  which  has  not  been  freed  from  oil  by  extrac- 
tion with  ether.  This  series  serves  to  emphasize  that  failure  of  nutrition  may  be 
induced  by  several  factors  other  than  by  "lack  of  vitaraines"  an  explanation 
which  has  in  recent  years  seemed  to  satisfy  both  the  uninitiated  public  and  a 
considerable  number  of  trained  investigators. 
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Chart  10.  Lot  521.  The  ration  of  this  group  of  rats  was  closely  similw  to 
tbat  of  Chart  9,  Lot  397,  except  th&t  the  butter  fat  waa  omitted.  Wheat  embryo 
cODtaina  some  of  th'e  fat  soluble  A,  the  factor  Bupplied  by  butter  fat,  but  withoal 
further  additions  of  it  this  ration  leads  to  suspensioD  of  growth  and  early  fsiluR. 
We  hare  discussed  elsewhere  the  dietary  deficiencies  of  wheat  embryo  (11)' 
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Chart  11.  Lot  585  shows  cconplete  failure  of  ratfi  to  grow  on  a  ration  whiek 
differed  from  that  of  Chart  9,  Lot  397.  only  in  that  the  salt  mixture  was  omitted 
Tlia  serves  as  an  illustration  of  a  diet  in  which  the  omiBsion  or  iuclusiOQ  <rf  * 
salt  mixture  determines  complete  failure  or  complete  sucoeaa  in  inducing  growth- 


ijGoogle 


ADEQDACr  OF  VEGBTAIUAN  DIET 


— 

^ 

~ 

l» 

•• 

'n 

»llt 

!"^ 

» J 

'1 

1. 

S". 

■X 

r' 

•!■■ 

, 

/' 

^ 

- 

*^ 

y 

■^ 

== 

5^ 

s 

*/ 

^ 

-N 

\. 

y 

y 

^ 

>^ 

y 

Chart  12.  Lot  493  illustrates  the  marked  injurious  effect  of  the  fats  of  the 
wheat  embryo  when  tbcae  are  included  in  the  diet,  as  compared  with  a  ration 
exactly  similar  except  that  the  wheat  embryo  was  extracted  with  ether.  (Com- 
pare Chart  9,  Lot  397.) 
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Chart  13.  Lot  324  shows  the  failure  of  rata  to  grow  on  a  food  mixture  which 
is  lacking  in  but  a  single  factor,  the  water  soluble  B.  During  period  2  a  very 
small  amount  of  this  substance  was  added  to  the  diet  as  an  impurity  of  the  5 
per  cent  of  InetoM  which  the  diet  contained.  This  Chart  should  be  considered 
together  with  the  records  of  Chart  14,  Lot  401,  whose  diet  was  closely  similar 
except  that  the  water  soluble  B  was  added  in  the  form  of  a  water  extract  of  wheat 
embryo. 
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Chart  14.  Lot  401,  illuatrates  how  the  inclusion  of  the  cold  water  extract 
of  15.9  grama  of  wheat  embryo  per  hundred  of  ration  transfonns  the  food  mixture 
from  one  which  does  not  induce  growth  at  all  (Compare  Chart  13,  Lot  324,  Peri- 
od 1),  to  one  which  induced  perfectly  normal  growth  and  repeated  re production- 
The  ration  without  the  butter  fat  is  again  inadequate  for  growth.  This  is  Bhown 
with  a  ration  of  somewhat  different  composition  in  Charts  15  and  16,  Lots  417  and 
418. 

It  is  interesting  to  note,  however,  that  of  the  nine  litters  of  young  produced 
by  the  four  females  in  Lot  401  but  two  individuals  were  reared.  The  ability  to 
reproduce  and  rear  the  young  serves  as  a  far  more  delicate  test  of  the  aaliafactori- 
nesa  of  a  diet  than  does  growth  (20). 
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Chart  15.  Lot  417  illustrates  the  failure  of  rats  to  grow  on  a  ration  adequate 
in  all  respects  except  in  a  lack  of  the  fat  soluble  A.  When  the  latter  is  supplied 
in  the  fonn  of  butter  fat  the  food  mixture  supports  growth  at  the  maximum 
possible  rate.  (Compare  Chart  16,  Lot  413.)  The  coutentioD  of  Funk  (15)  that 
butter  fat  does  not  contain  "vitamine"  (i.e.,  a  substance  indispensable  from  the 
diet)  has  not  as  yet  been  supported  by  published  experimental  data,  secured  with 
diets  BO  planned  as  to  reveal  the  presence  of  what  we  have  termed  the  fat  soluUe 
A. 

Chart  16.  Lot  418  should  be  compared  with  Chart  15,  Lot  417.  The  Utter 
fails  to  support  growth  because  it  docs  not  contain  the  unidentified  dietary 
factor,  the  fat  soluble  A.  The  former  which  is  closely  similar  except  that  this 
factor  is  supplied  by  the  5  per  cent  of  butter  fat  contained  in  the  food  mixture 
supports  growth  at  the  n 
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Chart  17.  Lot  568  ia  JDcluded  in  the  present  series  of  iilustratioos  to  m&kc 
clear  the  ioadequacy  of  Voegtlin'a  asBiimption  that  pellagra  is  due  to  a  deficiency 
of  vitsjnines  (17).  All  the  chemically  unidentified  constituents  of  the  diet  except 
a  part  of  the  fat  soluble  A  which  is  present  in  the  butt«r  fat,  are  supplied  by  the 
71.3  per  cent  of  corn  in  this  food  mixture.  The  failure  of  mice,  rats,  and  monlceys 
to  maintain  a  normal  state  of  nutrition  on  a  diet  of  corn  (3)  is  due  not  to  a  lack  of 
the  unidentified  constituents  of  the  diet  although  corn  is  comparatively  poor  in 
the  fat  soluble  A,  but  to  a  poor  relationship  among  the  inorganic  constituents 
(Chart  18,  Lot  618)  and  to  its  low  protein  content  together  with  the  poor  quality 
of  the  latter.    For  growth  in  young  rata  the  dietary  A  muat  also  be  increaaed. 
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Chart  18.  Lot  618  illustrates  how  ioadequate  is  the  character  of  the  inorganic 
content  of  the  corn  kernel  (matse)  for  growth.  This  ration  is  closely  similar 
to  that  of  Chart  17,  Lot  568,  except  for  a  salt  mixture  addition  in  the  latter.  This, 
however,  makes  the  difference  between  no  growth  at  all  and  growth  at  the  maxi- 
mum possible  rat«.  After  complete  suspension  of  growth  for  six  weeks  the  addi- 
tion of  a  salt  mixture  of  suitable  composition  led  to  prompt  resumption  of  growth 
at  a  rapid  rate. 
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Chart  19.  Lot  475  is  included  here  to  show  tb«  behavior  of  rata  fed  a  ration 
deriving  all  of  its  vater  soluble  B  from  its  cootent  of  25  per  cent  of  wbe&t.  Thi« 
amount  of  wheat  supplies  enough  of  this  factor  to  support  normal  growth  and 
repeated  reproduction,  but  does  not  suffice  for  the  rearing  of  the  70UDg.  Of  tbe 
eight  litters  produced  none  were  re&red.  This  food  mixture  without  tbe  bvtter 
fat,  is  wholly  inadequate  to  support  normal  nutrition  in  the  rat  over  a  prcdonged 
period  (Chart  5,  Lot  223).  While  it  is  of  course  possible  that  there  is  contained 
in  the  extracts  which  we  describe  as  furnishing  the  water  soluble  B  more  than 
one  essential  dietary  factor,  there  is  still  wanting  in  the  literature  any  experi- 
mental evidence  is  favor  of  the  existence  of  more  than  a  single  indupenaable 
chemical  subatanee. 
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THE  DISTRIBUTION  IN  PLANTS  OF  THE  PAT  SOLUBLE  A, 
THE  DIETARY  ESSENTIAL  OF  BUTTER  PAT' 
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From  Uie  lioboratorji  of  Agrictdtaral  Chemittrg  of  Ihe  Wisconsin  Experiment  Station 

Received  for  publication  July  5,  1916 

In  1913  it  was  pointed  out  in  a  paper  from  this  laboratory  (1)  that 
certain  fats  of  animal  origin  contained  a  substance  the  nature  of  which 
ifi  as  yet  unknown,  which  is  essential  for  growth  or  for  loi^  continued 
maintenance  of  health  in  the  rat.  Olive  oil  and  lard  were  shown  not  to 
possess  this  growth  factor.  Later  Osborne  and  Mendel  described  experi- 
ments which  fuUy  confirm  our  observations  and  added  cod  liver  oil  to 
the  list  of  growth  promoting  fate,  and  almond  oil  to  the  hst  of  fat? 
which  exert  no  special  influence  on  growth  (2).  It  was  a  matter  of 
great  importance  to  determine  whether  this  indispensable  dietary  factor 
which  we  have  termed  the  fat  soluble  A,  (3)  is  present  in  foods  of  vege- 
table origin  or  whether  it  is  a  specific  product  of  the  mammary  gland 
in  mammals  and  the  ovary  in  birds  elaborated  for  the  benefit  of  the 
suckhng  or  of  the  embryo  bird.  We  have  for  this  reason  examined 
various  types  of  substances  of  plant  origin,  feeding  these  with  rations 
so  made  up  as  to  be  wholly  adequate  when  one  of  the  growth  promoting 
fats  was  included  but  inadequate  when  such  fats  were  omitted.  In  the 
present  paper  we  present  the  records  of  rats  fed  rations  in  which  maize, 
cottonseed,  linseed,  olive,  sunflowerseed,  and  soy  bean  oils  respectively 
were  the  only  source  of  the  dietary  factor  supplied  by  butter  fat. 

All  these  have  given  results  which  make  it  clear  that  the  fat  soluble  A 
ia  not  fomid  in  fats  and  oils  of  plant  origin  so  far  as  we  have  been  able 
to  discover.  Owing  to  the  importance  of  this  fact,  from  the  point  of 
view  of  practical  dietetics  and  animal  production  we  desire  to  record 
these  negative  results  for  the  more  widely  used  plant  oils. 

One  of  the  most  interesting  results  of  this  investigation  is  the  great 
difference  In  the  effect  on  rats  of  consuming  cottonseed  oil  which,  was 
prepared  by  extraction  with  ether,  as  compared  with  those  fed  a  simi- 

'  Publiahed  with  the  permiBsion  of  the  Director  of  the  WisconBin  Experiment 
SUtion. 


r>' Google 


362  E.   T.   UcCOLLUH,  N.   SUOIONSS  AND  W.   PITS 

lar  ration  but  with  commercial  bleached  oil  prepared  by  hot  p 
The  former  suffered  distinct  intoxication  within  a  few  weeks  and  hhowed 
rapid  loss  of  weight  (Chart  7,  Lot  512)  whereas  the  commercial  sample 
could  be  fed  at  the  same  plane  of  intake  with  no  signs  of  injury. 
(Chart  7-Lot  531).  This  result  serves  to  corroberate  the  observations 
of  Withers  and  Carruth  (4),  that  the  toxic  factor  "Gosaypol"  is  soluble 
in  ether  and  is  present  in  the  fat  prepared  by  the  use  of  this  solvent. 

Among  the  other  oils  of  plant  origin  which  we  have  studied,  wheat 
oil,  linseed  oil  and  hydrogenated  cotton  seed  oil  have  shown  definite 
but  not  severe  toxic  effects  on  young  rats.  This  we  have  been  able  to 
demonstrate  by  employing  as  rations,  with  which  the  fats  were  fed, 
food  mixtures  so  made  up  as  to  just  admit  of  about  normal  growth  for 
3i!vcral  months  but  so  low  in  their  content  of  the  fat  soluble  A  as  to 
render  the  animals  sensitive  to  any  unfavorable  factor  which  mightbe 
superimposed  on  it  in  their  delicately  adjusted  condition.  In  this 
way  we  have  made  it  possible  to  test  for  toxicity  of  low  intensity 
which  would  never  induce  visible  effects  if  present  in  a,  diet  which  was 
otherwise  of  good  quality. 

This  principle  should  be  carefully  considered  by  those  who  would 
study  the  harmfulness  or  innocuousness  of  various  substances  which 
may  occur  in  the  diet  (5).  Any  of  the  several  factors  which  make  up 
the  satisfactory  diet  can  be  singled  out  as  the  one  to  serve  as  the  limit- 
ing factor  to  be  so  adjusted  as  to  lower  the  resistance  of  the  experimental 
animals. 

In  experiments  in  which  the  fat  soluble  A  of  the  diet  was  supplied 
wholly  by  vegetable  products  it  has  been  found  that  alfalfa  leaves  are 
an  excellent  source  of  this  dietary  factor,  and  that  cabbage  leaves  also 
supply  it.  The  cereal  grains,  while  containing  a  small  amount,  are 
markedly  inferior  to  alfalfa  leaves  in  their  content  of  this  indispensable 
dietary  factor. 

The  marked  success  which  was  reported  by  McCollum  and  Davis 
in  restoring  to  health  by  the  addition  of  com,  rats  which  had  been 
brought  to  the  threshold  of  death  by  a  diet  of  supposedly  approximately 
pure  foodstuffs,  should  now  be  regarded  in  a  new  light  because  we  have 
since  learned  of  the  tondency  of  lactose,  which  was  a  constituent  of 
the  earlier  diets  employed  by  us,  to  carrj'  as  impurities  a  sufficient 
amount  of  the  unidentified  dietary*  factors,  fat  soluble  A  and  water 
soluble  B,  to  supplement  the  content  of  these  in  any  natural  food,  to  a 
defm^  not  to  be  ignored  (6),  Corn  kernel  fed  with  lactose  led  to  im- 
provement in  the  rats  to  a  degree  which  com  alone  could  not  induce  (6). 
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In  the  preceding  paper  we  have  described  rations  iit  which  all  of  the 
fat  soluble  A  was  derived  from  40  per  cent  alfalfa  leaves,  and  repro- 
duction was  observed  after  the  rats  had  made  all  their  icrowth  and  had 
continued  ten  months  on  the  diet.  Com,  wheat,  oats  and  probably 
other  grains  supply  this  factor  but  in  amounts  below  the  requirement 
of  animals  over  extended  periods  of  growth. 

The  superiority  of  the  forage  portion  of  the  plant  over  the  seed  with 
respect  to  it«  content  of  the  fat  soluble  A  is  of  considerable  interest 
when  viewed  in  the  light  of  the  dietary  habits  of  lower  animals.  Those 
which  consume  the  forage  rations  grow  successfully  from  generation 
to  generation  on  a  strictly  vegetarian  diet,  while  the  seed  eating  animals, 
so  far  as  we  have  been  able  to  learn,  normally  vary  their  diet  to  a  con- 
siderable d^ree  by  the  addition  6f  green  leaves,  worms,  insects,  etc. 
Certain  combinations  of  seeds  may  however  suffice  for  normal  nutrition. 

An  observation  of  interest  in  the  experiments  reported  here,  is  that 
the  ether  extracted  residue  of  com  meal  is  more  effective  in  causing  a 
slow  but  long  maintained  upward  trend  of  the  curve  of  growth  than  is 
com  oil.  Compare  Chart  10,  Lot  451,  and  Chart  3.  Lot  630.  The 
interesting  point  is  that  ether  extraction  of  plant  tissue  does  not  remove 
the  substances  essential  for  growth  which  is  contained  in  butter  fat. 
The  obvious  working  hypothesis  must  for  the  present  assume  that  the 
fat  soluble  A  is  in  chemical  union  in  the  plant  tissues,  and  in  a  complex 
which  is  not  soluble  in  fat  or  in  ether.  In  digestion  and  absorption 
it  is  set  free  and,  being  readily  soluble  in  fats,  thereafter  accompanies 
the  fats  in  the  animal  body.  Owing  to  the  large  content  of  waxes, 
etc..  extracted  from  plant  leaves  we  have  not  been  very  successful  in 
feeing  ether  extracts  from  these  sources. 
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The  rut  uii  the  right  hand  side,  u  male  from  L<it  HI,  received  n  r:iliini  i-\aclly 
like  Chart  1,  Lot  610,  page  365,  except  that  it  contained  1.3  per  cent  of  butter  fat. 

The  rat  on  the  left,  Lot  447.  received  the  same  ration  as  Lot  441  except  that 
5  per  cent  of  bleached  cottonseed  oil  replaced  the  1.5  per  cent  of  butler  fat  and 
3.5  per  cent  of  rice. 

The  special  property  of  butler  tat  in  conlraHl  to  the  plant  oil  as  ii  source  of 
Ihe  ffll  soluble  A  is  most  slrikinii. 


( 


The  rul  iin  the  right,  a  nuilc  fnii 
GIU,  except  thai  it  contained  l.ai  fi' 

The  rat  on  the  left.  Chart  '•.  Ia<\ 
per  cent  of  sunflower  seed  oil  pn'|>:i 
fat  and  -t..')  per  cent  of  rice. 


!t7.  received  the  same  ration  except  that  .1 
il  by  ether  extraction  replaced  the  butter 
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Chart  I.  Lot  61DiIlu8trateB  the  behavior  of  T&ts  fed  &  ration  which  ia  adequate 
io  all  respects  except  that  it  lacks  one  of  the  dietary  esaentiala,  the  fat  soluble  A 
which  is  found  in  butter  fat,  egg  yolk  fat,  ether  extract  of  kidney,-  etc.  We 
selected  this  diet  as  one  to  which  the  more  important  vegetable  fats  could  be 
added  in  order  to  teat  for  the  distributioa  of  this  substance  in  fats  of  plant  origin. 
The  ration  fed  to  this  lot  of  rata  becomes  entirely  adequate  to  support  growth 
to  maturity  at  the  normal  rate  when  butter  fat  is  added.  (See  Chart  1,  Lot  442.) 
There  was  a  prompt  response  with  growth  in  period  2  when  butter  fat  was  intro- 

Lot  442.  The  ration  fed  these  rats  differs  essentially  from  that  employed  in 
Lot  610,  Chart  1,  only  in  containing  2  per  cent  of  butter  fat.  With  the  butter 
fat  present,  growth  is  complete;  without  it  no  growth  can  take  place.  Any 
fat  of  plant  origin  which  contains  the  dietary  factor  supplied  by  the  butter  fat, 
should  when  incorporated  with  this  ration,  induce  growth. 

In  this  and  the  succeeding  charts  Y  marks  the  birth  of  young. 
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Chart  2.  Lot  497  ahowa  the  failure  of  sunflower  aeed  oil  to  promote  growth 
when  included  in  the  ration  employed  in  thia  series.  With  butter  fat  instead  of 
sunflower  seed  oil  noimal  growth  would  have  resulted.  (Compare  Chart  1. 
Lot  442.) 

Lot  477  likewise  shows  failure  of  rats  fed  5  per  cent  of  cotton  seed  oil  prepared 
by  ether  extraction  with  a  ration  fully  adequate  to  support  growth  except  that  it 
lacks  the  fat  soluble  A.  These  rata  showed  distinct  signs  of  injury  from  tbe 
effects  of  eating  even  thia  small  amount  of  eottoD  seed  oil  prepared  by  extraction 
in  the  laboratory,  in  contrast  to  commercial  oil  prepared  by  pressing  and  aubae- 
quent  bleaching,  The  latter  showed  no  toxic  efFects  but  failed  to  induce  growth. 
(See  Chart  4,  Lot  447B.) 

Lot  479  showa  that  soy  bean  oil  does  not  have  the  growth  promoting  property 
possessed  by  certain  fats  of  animal  origin.     (Compare  Chart  1,  Lot  442.) 
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Chart  3.  Lot  630  illuatrateB  the  inefficiency  of  corn  oil  to  induce  growth. 
The  ration  here  employed  ia  closely  similar  to  that  of  Chart  1,  Lot  442,  except 
that  6  per  cent  of  com  oil  replaces  2  per  cent  of  butter  fat.  The  com  oil  employed 
in  this  ration  was  prepared  by  ether  extraction  in  the  laboratory. 

Lot  609  shows  the  failure  of  a  widely  used  commercial  substitute  for  laril, 
Crisco,  made  by  hydrogenating  cotton  seed  oil.  to  induce  growth  in  young  rats. 
On  replacing  the  Crisco  by  butter  fat  in  the  second  period  growth  proceedad. 

Lot  444,  shows  that  6  per  cent  of  linseed  oil  fails  to  induce  growth.  We  have 
been  unable  to  find  a  single  instance  where  the  isolated  fats  and  oils  of  plant 
origin  promote  growth  in  the  manner  that  certain  animal  fats  do.  The  rats  in 
this  group  appeared  very  rough  coated,  emaciated  and  feeble  and  were  in  a  much 
worse  condition  than  those  of  Chart  1,  Lot  610,  whcsa  ration  was  closely  similar 
but  contained  dentrin  instead  of  linseed  oil.  Linseed  oil  is  somewhat  detri- 
mental to  the  rat.  This  does  not  indicate  the  absence  of  the  fat  soluble  A  from 
plants.  We  have  already  pointed  out  that  alfalfa,  whsaC  germ,  maiie  kernel 
and  cal^t^e  furnish  a  considerable  amount  of  this  aubjtance. 
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Chart  4.  Lot  447B  qfaows  the  absence  or  the  dietary  essential  the  fat  soluble 
A  from  bleached  commercial  cotton  seed  oil.  Even  10  per  cent  of  the  latter 
fails  to  induce  appreciable  growth. 

Lot  450  serves  to  confirm  our  earlier  observations  on  lard,  which  showed  it  to 
possess  very  little  of  the  growth  promoting  properties  of  butter  fat,  i.e.,  the  fat 
soluble  A.  In  our  early  work  the  content  of  the  water  soluble  B  was  dependent 
OD  its  presence  as  an  impurity  in  the  lactose.  In  the  present  series  of  experi- 
ments an  abundance  of  this  factor,  was  added  in  the  alcoholic  extract  of  wheat 
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Chart  d.  Lot  565.  The  rats  id  ttus  group  received  20  per  cent  of  commercial 
unbleached  corn  oil.  Even  this  amount  does  not  suffice  to  furnish  an  adequate 
amount  of  the  fat  soluble  A  to  induce  grontb. 

Lot  563.  f  n  1013  it  was  first  shown  in  a  paper  from  this  laboratory  that  butt«r 
fat  possessed  a  certain  growth  promoting  property  and  that  oliv«  oil  did  not, 
(1)  We  later  learned  that  the  success  of  these  early  bxperiments  turned  upon  the 
degree  of  purity  of  the  lactose  contained  in  the  rations.  The  two  dietary  es- 
sentials, the  fat  soluble  A  and  the  water  soluble  B.  at  that  time  unappreciated, 
were  carried  by  the  lactose  as  impurities  and  were  present  in  minimal  amounts 
which  could  suffice  to  induce  growth.  Since  pure  lactose  would  cause  failure  to 
grow  even  when  butter  fat  was  included  in  the  ration,  it  seemed  desirable  to  repeat 
the  test  on  olive  oil  with  the  rations  known  to  be  wholly  adequate  with  respect 
to  all  factors  except  for  the  dietary  A.  The  curves  shown  here  confirm  our  earlier 
results  in  indicating  the  absence  of  the  fat  soluble  A  from  olive  oil. 
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Chart  6.  Lot  522,  illiiatratee  the  curvea  of  growth  of  four  rata  fed  a  ration 
which  contained  barely  enough  of  the  fat  soluble  A  to  induce  growth  at  the  normal 
rate  during  a  period  of  three  to  five  months.  Number  1  produced  two  litters  of 
young  but  did  not  rear  any  of  them.  After  the  loss  of  the  second  litter  she  did 
not  appear  to  be  in  a  healthy  condition,  so  she  waa  discarded.  Number  2  died 
just  before  producing  a  Hlter  of  young.  The  remaining  two  suddenly  declined 
and  died  after  bavlD);  grown  fairly  well  for  a  time.  With  butter  fat  added 
(5  per  cent)  this  is  one  of  the  most  successful  rations  we  have  employed  for  induc- 
ing repeated  reproduction  and  rearing  of  the  young.  (8) 

This  ration  was  therefore  employed  to  lest  the  growth  promoting  values  of 
certain  vegetable  oils  since  a  relatively  small  additional  content  of  the  fat  soluble 
A  should  supplement  the  amount  already  in  the  ration  and  prevent  failure.  We 
look  upon  the  experiments  with  this  ration  as  somewhat  more  delicate  tests 
for  this  dietary  factor  than  were  those  with  the  ration  described  in  Chart  1. 
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Chart  7.  Lot  531.  This  lot  was  given  the  ration  described  in  chart  6  but 
with  the  addition  of  butter  fat  together  with  10  per  cent  of  bleached  commercial 
rottoB  Heed  oil  to  see  whether  the  latter  contained  enough  of  a  tone  constitueot 
to  ioterfere  with  growth.  There  is  no  evidence  that  this  content  of  refined  cotton- 
seed oil  WHfl  detrimental.  According  to  the  manufacturer^  the  oil  was  prepared 
by  pressing. 

Lot  512,  shows  the  injurious  effect  of  feeding  the  same  ration  as  was  given 
Lot  531  but  employing  instead  of  refined  cotton  seed  oil  a  preparation  made  by 
extracting  cotton  seed  with  ether  in  the  laboratory.  This  result  is  in  harmony 
with  those  of  Withers  and  Camith  in  showing  the  extraction  of  the  toxic  prin- 
ciple of  cotton  seed  "gossypol"  by  ethyl  ether.  (4)     (Compare  Chart  2,  Lot  477.) 

Lot  519.  Received  a  ration  like  that  of  Chart  6  Lot  522,  except  that  5  per  cent 
iif  commercial  unbleached  corn  oil  was  included  instead  of  its  equivalent  of 
dextrin.  There  was  no  evidence  of  improvement  as  a  result  of  the  content  of 
com  oil.  Number  2  died  in  parturition,  number  4  produced  a  litter  of  younit  but 
destroyed  them. 
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Chart  8.  Lot  511.  The  ration  o(  this  lot  was  like  that  of  Lot  522,  Chart  6, 
but  without  butter  fat  added,  and  with  10  per  cent  of  Crisco  replacing  an  equiv- 
alent amount  of  dextrin.  The  appearance  of  these  rats  was  distinctly  inferior 
to  that  of  Lot  522.  Apparently  the  content  of  butter  fat  did  not  suffice  to  counter- 
act a  Bomewhat  deleterious  effect  of  the  hydrogenated  cotton  seed  oil.  We  have 
fed  this  food  mixture  with  dextrin  replacing  the  Crisco,  and  in  all  cases  the 
animals  were  extremely  sleek  and  well  nourished  (8  p.  642.)  Lot  511  on  the  other 
hand  suffered  from  roughness  of  the  skin,  tail  and  ears  and  appeared  to  be  very 
poorly  nourished. 

Lot  514,  received  a  ration  like  the  preceding  one  but  with  10  per  cent  of  raw 
linseed  oil  replacing  Crisco.  There  were  no  definite  signs  of  any  ill  effects  result- 
ing from  the  consumption  of  linseed  oil.  Chart  3  (compare  Lot  444).  Linseed 
oil  does  cause  injury  in  some  degree  however  although  its  detrimental  effects 
are  not  visible  when  the  ration  contains  butter  fat.  When  the  butter  fat  was 
(»tiitted  from  this  food  mixture  the  depressed  growth  and  early  failure  of  the 
rat«  was  very  gronounced  as  compared  with  the  behavior  of  rats  fed  a  similar 
ration  but  without  the  linseed  oil.  (Compare  Lota  532  with  514  and  Chart  6 
Lot  522.) 

Lot  533,  shows  that  10  per  cent  of  raw  linseed  oil  in  this  ration  exerts  a  depress- 
ing eSect  on  the  growth  and  health  of  the  animals.  These  rats  became  very 
emaciated  and  auSered  from  inflammation  of  the  eyes.  This  ration  with  dextrin 
replacing  the  linseed  oil  is  that  feed  to  Lot  522,  Chart  6.  The  bad  effects  of  the 
linseed  oil  are  not  visible  when  the  ration  ia  improved  by  the  inclusion  of  the 
butter  fat  as  in  Lot  514. 
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Chart  9.  Lot  397  should  be  compared  with  Lot  639  whose  rationa  were  identi- 
cal except  that  the  wheat  embryo  ia  the  latt«r  was  not  extracted  with  ether 
and  15  per  cent  of  the  ether  extract  of  wheat  embryo  waa  added  instead  of  an 
equivalent  amount  of  dextrin.  Without  the  wheat  embryo  fats,  growth  pro- 
greased  at  the  maximum  possible  rate.  With  these  fats  present  growth  was  de- 
pressed to  half  the  normal  rate  or  less.  The  wheat  embryo  fats  are  distinctly 
toxic  to  animals,  but  this  property  will  not  be  evident  when  fed  with  a  highly 
aatiflfactory  diet,  except  possibly  through  the  accumulative  effect  over  a  long 
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Ch»rt  10.  Lot  451,  shows  the  property  of  ether  extracted  ground  mkiic 
kerael,  of  promoting  growth  at  a  slow  rate  over  &  prolonged  period.  This,  the 
ether  extracted  oil  of  com,  will  not  do.  It  should  be  noted  that  the  inclusion  of 
com  oil  ID  period  2  or  of  the  alcoholic  extract  of  corn  germ  in  period  3  did  not  pro- 
duce any  change  in  the  direction  of  the  curve  of  growth.  The  fat  soluble  A  if 
preaent  in  the  corn  kernel  but  in  amount  below  the  optimum  for  growth,  and  tbf 
substance  is  not  extracted  by  ether. 
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Chart  11.  Lot  498.  In  this  rfttion  the  only  source  of  the  fat  soluble  A  vm 
5  per  oent  of  completely  ether  extracted  wheat  embryo  contaiaed  ia  the  ration 
(period  1).  During  three  months  growth  was  normal  but  early  failure  ensued. 
That  the  shortage  of  the  fat  soluble  A  was  the  only  factor  responsible  is  shown 
by  the  prompt  response  of  the  two  rats  with  growth  when  in  period  2,  5  per  cent 
of  butter  fat  replaced  5  per  cent  of  rice.  There  is  no  doubt  but  that  this  dietary 
factor  is  present  in  plant  tissues  but  it  seems  unlikely  that  any  isolated  plant 
oil  will  contain  it. 
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TIIK  KFKKCT  OF  CERTAIN  PROCEDURES  UPON  THE 
COUllSE  OF  FATIGUE  IN  FROG'S  MUSCLE 

JOSKl'H  0,   CRIDER  ahd  WALTER  W.   ROBINSON 

^um  th«  Hhynotogicat  LtAoratory  of  the  Univertily  of  MitHmppi 

Received  for  public&tioa,  July  5,  1016 

Thia  r<w>ar('))  wna  ituKR^t  ed  by  the  experiments  of  Lee  and  Salant  (1), 
Ilitiitlh  Miul  Htun  {2),  aiid  Lee  and  Levine  (3),  in  which  attempte  have 
Imh^d  umtlo  to  (teteniiine  the  effects  of  alcohol,  of  Ringer's  fluid  and  of 
<)tttttUtHl  wtttor  i)p«)n  the  course  of  fatigue  in  the  excised  muscle  of  the 
flxm,  hi  the  extieriinents,  as  carried  out  by  these  observers,  the  thigh 
i.4  Kite  lt>)E  wait  liKattHl,  the  gastrocnemius  of  that  leg  removed  and  a 
tatitivw  traciiiK  iukiue^lialely  made.  Immediately  following  the  appli- 
i'^ttlMH  vS  thp  lije»ture  aUmt  2.5  ec.  of  water,  Ringer's  fluid  or  10  pa 
wni  v>thy\  Hh\>h^'l  w»t>  kitje^'te^l  subcutaneously  and  after  aUowing 
twenty  to  »t*Yi^nty-fiv»  uiiautes  to  elapse  a  tracing  was  made  frwn  the 
]{iV«(rvH'tH'Utitts  iyi  tixv^  oth^r.  or  tK>n-Ii^ted  leg. 

Ih  thv  v.\(H't-ui)etii^  tk!t  carrttxl  t.Hil  by  us,  the  procedure  was  the 
iuuiiv  a.-*  »bL>vi*  le'wvikt  lhj\%  iu  »lt  Ciiu^^  the  second  tracing  was  taken 
h\>ui  thiity  lv>  thirlv-Kvv  tuiimtes  ailis-  the  fii^,  i.e..  thirty  to  thirtr- 
li\^  tiiuiu(>^  *fn?t:  thv  spi'lk'tiuoji  vi  ih«:  lijtaiur*.  In  the  cases  in  whidi 
«  suKut.iiivs.'iis  i!iii.\iiv'U  I'l  riui-.!  wus  m^xdf  we  used  2  cc.  of  Ringer'5 
ttUM-t  v'c  'i  V.V.  i.'f  to  tvc  wuc  e!.h,vl  ^iwhyl  tri;wted  into  eithn-  the  dorsal 

tii.iViv  i!i>.-  i.'\!viiiiict'ts  b.iJ  f.>r\'Krvs«U  very  fair.  w»  DOticed  that  in 
iKMiK  cvvi>  C.I.-SI.'  iK- ■^.i.vwJ,  cr  "uoti-tiKa:e-i""  nitt3cledi<i  more  work 
>thi'i'ivf  ■.:hcii.'  *Kui  S.VI1  *  ■suLvu'aiiw.'us  ijj;<ei.-tk'a  of  ftuid  or  not. 

I'ho  i-t'.c  L'l  ■«'.  ni;j':t'n.'H  itvfU  *»;*  abous  ihirtr  bcrak  indnctioa 
nhvvk,-.  ivi  'ii-'iii'v,  !!)« '.'UfiviJi  '.Viirn  L.-irtfrruptevi  [EwfaanicaHy  and  the 
unXc  •jti.'v'k--  -jii'i  I  •.'II  v'tiU'.-vJ.  t'l  A  ■■(."*  u-ase!^  che  mcEctes  were  tetas- 
'/A-^i  t'l.i  ■, 'V  t;iiv>i.in.  tw' *tn*  Juiiy  jOia:iie>i  ui -.hjs  way.  In  sH  of  the 
v.-viKi'iiio,!!-.  ii  >*lKvh  he  ■;.■  K'ly  *;t=;.'.>r*jiiK'i':  .'c  by  <uat&f  eonCrantioBB 
v.j>.-i;n,i\.ii.,t'  xiiiA ^x  **i-n;  (Msi  l;l^j  'ho 'iKt^-ie '.r'.vi£  a  weighc  of  afacnt 
'■M  ii  i:i,.>.  hi'^K-  .i.«>>  ii*i(,-li  ■lo-iiiiM-ie^wenf  ■lar'JWTiinto tetaBB 
».i.v,'.";i.i-    v'i'-    -  ■  >';'.v  *ii'-  ■iM->i.     !■  •iiiH'!''  "-*  aieanoned  chat  the 
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TABLE  I 

/  work  done  by  the  excised  gaitrocnemU  of/rogt  as  tftoum  bylhe 
lolal  area  of  tracinge  in  iquare  eerUimeUrs 


+  -nt  cufT  »cmu« 

V  WOm«  BI  HUKLB  0» 

HmBU 

UOHT  LIO  UOATIB 

LMT  1^  HOH-LlaATaD 

uiATWtuma 

2 

108 

135.3 

+  25,2 

3 

103.4 

146.6 

+  41.7 

4 

109.2 

114.4 

+    4.7 

5 

44.0 

47.5 

+    7.9 

e 

51.1 

63-0 

+  23.2 

9 

118-6 

152.6 

+  28.6 

13 

100.0 

154.e 

•+  54.6 

IS 

217.4 

242.5 

+  11.5 

39 

109.7 

134.4 

+  22.5 

44 

174.6 

196.0 

+  12.2 

45 

96-2 

110.1 

+  14.4 

46 

141.7 

200.1 

+  41.2 

6S 

125-7 

136-0 

+    8.1 

67 

168-2 

192.9 

+  14.6 

72 

64  0 

105-2 

+  64.3 

74 

117.5 

114.8- 

-     2.3 

78 

143.0 

162.1 

+  10.2 

78 

156-5 

174.0 

+  11.1 

80 

107.3 

166.5 

+  56-6 

04 

98-2 

107.0 

+    8.9 

ffi 

141.0 

159-2 

+  12.9 

98 

138.0 

142-8 

+    3.5 

102 

139.0 

146-3 

+  5.25 

103 

102.7 

146-6 

+  42-7 

109 

174,2 

185.0 

+    6-2 

113 

248.3 

257.7 

+     5-7 

115 

139.8 

179,4 

+  28.3 

119 

84.0 

134.0 

+  59.5 

136 

88.7 

98.5 

+  11. 1 

137 

58,4 

53,5 

-    9,1 

138 

64.3 

144-3 

+124.5 

140 

56.3 

125.4 

+  122-7 

141 

87.9 

115,6 

+  29.2 

142 

67.0 

78,5 

+  17-1 

143 

75.4 

98,0 

+  29-fl 

145 

73.1 

74,9 

+    2.4 

146 

35.0 

72,5 

+107.1 

148 

100.0 

136.8 

+  36-8 

149 

120.0 

129.6 

+    8.0 

150 

54.1 

97.2 

+  79.6 

151 

70.1 

71.5 

+    1.9 

152 

1250 

145.2 

+  16.1 

153 

94.4 

141,0 

+  49.3 

154 

120.0 

138.6 

+  15.5 

ijGoogle 


TABLE  i 

Bdatige  omounb  of  mtrk  done  by  excited  gastrocntmii  of  frogs  at  thmim  bylhttoUl 
area  of  tracings  in  eqwve  cenlimeter» 


+  -  »«B  curt  DKUtn 

"^^"^ 

Lirr  LM  LWAT-D 

BiaHT  LEO  HOM^aATCn 

IH  WO«I  ■!  MUKU  « 

51 

192.5 

169.7 

-13.4 

S2 

111.7 

88.0 

-26.9 

53 

111.0 

184.0 

+85.7 

54 

169.9 

173-8 

+  4.1 

55 

19S.3 

181-0 

-  7.8 

56 

160.0 

213.5 

+33,4 

57 

-  166-2 

215.4 

+29.6 

58 

106-4 

147-3 

+39.8 

59 

176.3 

169-8 

-  3.8 

60 

162.4 

179.9 

+10.7 

61 

146.3 

148.5 

+  1.5 

93 

U7.6 

151  2 

+  2,4 

64 

860 

131.7 

+53.1 

65 

190.3 

163.7 

-16.2 

73 

120.4 

127.4 

+  5.8 

75 

84-0 

III.O 

+32.1 

79 

106.9 

137.0 

+25.7 

81 

205.3 

2008 

-  2.2 

86 

88.5 

120.8 

+36.4 

SI 

113.0 

143.2 

+26.7 

95 

87.8 

150.2 

+71.0 

99 

71-2 

108.6 

+52,5 

\V7 

180.6 

199.5 

+10,4 

110 

122.7 

178.2 

+45.2 

114 

214.9 

225.6 

+  4.6 

116 

122.0 

167.2 

+37.0 

117 

67.5 

61.3 

+  6.6 

118 

158-5 

193,1 

+21.8 

123 

97.3 

87,0 

-11.8 

124 

77.0 

92.0 

+16.4 

125 

66-4 

115.0 

+73.1 

136 

143.5 

158,4 

+10,4 

128 

34.0 

44.0 

+29.4 

129 

93.0 

98.0 

+  5.4 

130 

77,5 

104.0 

+24,2 

132 

116  0 

123.5 

+64,6 

133 

98.9 

136.2 

+37,7 

134 

31-6 

75.0 

+137.3 

135 

72.2 

92.0 

+27.4 

207 

64.0 

84.0 

+31,2 

208 

38.3 

437 

+140 

200 

500 

70,4 

+408 
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FATIGUE    tN   mOG  S   H08CLE 


tnt$  of  uiork  done  hy  Ike  rtormal  gastroejiemiat  and    by   tht   gattroe- 
t  other  leg  Uartii  to  thirty-fiae  minutei  after  injeeting  2  ee.,  of  10 
per  cent  alcohol  into  donal  lymph  toe 


+  -  na  omr  incuui 

■miBiK 

HOUULUa 

or  BXraBIHEKT 

UOHT  LIO 

LDTLCa 

-  -    m  OllfT  IHCBIUB 

8 

49.6 

109,7 

+121.2 

11 

143.0 

176,4 

+  23-2 

15 

129.4 

139,0 

+     8,5 

20 

351.4 

317.0 

-   10,8 

21 

188.7 

224.0 

+   18,7 

23 

211.5 

219,0 

+     35 

26 

231.5 

267.1 

+   15.3 

32 

227.4 

264.5 

+  16,3 

34 

3022 

220.4 

+  37  1 

35 

150.0 

214.2 

+  34.7 

36 

lfl8.5 

170  5 

+    0.6 

48 

170.5 

167,5 

-     1,7 

69 

187.6 

181.7 

-    3,2 

82 

234.4 

239.4 

+    2,1 

83 

139.8 

-    154.8 

+  10,6 

88 

90.5 

117.6 

+  29,9 

92 

108. S 

114.2 

+     4,6 

100 

148.0 

163.5 

+    37 

104 

123.3 

90.8 

-  34,6 

155 

161.2 

155.8 

-    3,4 

150 

110.0 

198.4 

+  80,3 

157 

172.6 

154.1 

-  12,0 

158 

1852 

206.4 

+  12,5 

159 

168.3 

193,9 

+  15.2 

160 

155.4 

200.8 

+  29,2 

161 

!29.3 

134.5 

+    4  0 

162 

115.6 

150.6 

+  30.2 

163 

1676 

218  3 

+  30,2 

IM 

160,7 

151,3 

-    6,2 

165 

118.3 

125.4 

+    6,0 

167 

109.7 

134.4 

+  22,4 

168 

161.3 

180.3 

+  11,1 

169 

117.5 

119.0 

+     1,2 

170 

57,3 

56,6 

-    1.2 

171 

205.9 

213.1 

+    3,4 

172 

172.6 

197.3 

+  14.2 

173 

188.2 

186.2 

-    1-0 

174 

160.6 

1926 

+     19.9 
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TABLE  a— CantiniKd 


+  -    ■■»  eiKI  l«XUB 

OF  ElfMIMBBI 

UWT  tta 

"£2"""^^ 

175 

191.7 

192.2 

-    0.5 

176 

184.7 

177.0 

-    4.3 

177 

138,0 

160.7 

+  16.4 

178 

122.7 

124.4 

+    1.3 

179 

115.0. 

128. 0 

+  11-3 

180 

123.7 

147.7 

-  no 

12 

745 

185.1 

+148.4 

29 

158.0 

216.3 

+  36.8 

33 

118.3 

168.5 

+  32.4 

38 

158.0 

172,0 

+    8.8 

Rttalive  amountt  of  work  done  bg  tht  normal  gatlroentmi^u  and  bg  Ihe  g 
enemixu  of  Ihe  olher  leg  thirty  to  thirty-fine  minvle*  afttr  injeetinq  i  a 
Ringer'i  fiaid  into  the  dor»al  lymph  »ac 


.,."-■" 

"zr^'-,^  ' 

tmm  ■iHaaH'a 

7 

112.0 

205,8 

+  83,7 

10 

68,7 

128,0 

+  87-7 

14 

765 

219,0 

+186.2 

17 

210,9 

190,4 

-  10.7 

22 

298,3 

249,8 

-  19  4 

24 

217,0 

220,3 

+    1,5 

25 

197,0 

192.4 

-    2,3 

27 

236.2 

218,0 

-    93 

31 

179,7 

143,0 

-  25  8 

37 

173,3 

217.9 

+  25,7 

40 

1620 

150.3 

-    7,7 

41 

147,3 

152.4 

+    3,4 

42 

128,5 

106.5 

-  20  8 

43 

114,5 

103,0 

-  11.1 

47 

153,7 

166,0 

+    8.0 

SO 

152.7 

118-4 

-  28,1 

70 

95.0 

122.0 

+  29-3 

85 

119,2 

143,7 

+  20.6 

89 

107,5 

123.3 

+  14  7 
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FATIGUE   IN   frog's   UU8CLE 
TABLE  4— CoatinuHl 


v;su"-'s;;rT'^: 

BIOBT  beo 

LIM  LIO 

-  -    «R  CM*  IHCHEAU 

93 

123.4 

111.0 

-     11,1 

97 

110  2 

150.8 

+    50,4 

101 

198.4 

153.7 

-     22,5 

105 

108.3 

125,0 

+  15,4 

1S2 

119.4 

140,4 

+  17.6 

183 

1553 

151.5 

-    2.5 

185 

1480 

192,9 

+  30.3 

186 

127.8 

147.0 

+  15,0 

187 

82,4 

98.5 

+  19.5 

189 

136  7 

123.0 

-  11.1 

190 

1130 

127.5 

+  12.8 

191 

1225 

130.1 

+    61 

192 

128  9 

126,0 

-     2  4 

193 

126  4 

131.5 

+     40 

194 

126.7 

151.1 

19.2 

195 

172.3 

170,1 

-     1-3 

190 

133,0 

136.0 

+    2-2 

197 

144,7 

150,0 

+    3.6 

198 

145,4 

167.7 

+  15.3 

199 

157,5 

166.4 

+    5.6 

200 

201  4 

2065 

+     2.5 

201 

172  0 

171  1 

-    0.5 

203 

236  7 

240,4 

+     1.5 

203 

121  0 

171,6 

+  41.8 

204 

170  5 

208,1 

+  22.0 

205 

191  5 

168,3 

-  13,7 

206 

140.5 

189  1 

+  34  5 

two  methods  gave  practically  the  same  results  so  far  as  the  amount  of 
work  done  was  concerned.     The  total  amount  of  work  done  was  de- 
termined by  measuring  the  total  area  of  the  tracings  with  the  plani- 
meter  as  suggested  by  Hough  and  Ham  (2). 
The  above  tables  give  a  summary  of  the  experiments  done. 


In  table  1,  we  give  the  per  cent  increase  or  decrease  of  work  done 
by  the  muscle  of  the  left  leg  which  was  the  second,  or  non-ligat«d  leg. 
In  this  table  in  which  there  are  44  experiments  the  average  per  cent  of 
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,-.**'*';  *».  !*..  ->;<■,■*  ■.^-.  '.t  \L^.  irT.  -x  l:^iw.;  js«, 

(".  't-^*-  2  *.->  r.*r.*.  V:ft  i.*  't*  Ej',L4:scfc--i?ii  >«.  Vz.  -r  •.*  :a"-->.  is 
*,-  .•.'.  •;'./—*■  ar*  42  'rr^^r-^.'^x**.  tc*  p«T  ir*^-  ".f  i^yrvKe  -i^  -.ie  richt 
/r.  .*/>  ».'..-'r.  j(  *r^  ir,  iv>  '/  'w  ccvt-iiaa-fti  W.  »  '2^.22.  la  this 
'Av*  ,r,  '„'„■(■  vrTTt  'a.v^  "i-'i  r:Ar  ir.'iv>  •■/  -Le  sert:--!  I*|;  faZ  Ivlow 

(f.  Iam*:  Z,  U(  wh>-fi  4H  •^fj'rrjr.^ci*.*  were  rarried  c*j:.  the  per  ceat 
'.<  .t^'t"n»*:  \rf  x\jh  ui>tA-.\^x\M,  or  "aloob'^ued"  iDU5oie  is  16^.  In 
ft..*  tah!*  tl./T*;  ar»;  fiifw!  rajws  in  wbi<rb  the  amount  of  work  done  by 
\\^-  f>.\ii,StiAi7f\  Tiiti>u]e  u  Uffs  than  that  b>-  the  nonna]  muscle.  Id 
»II  (rtjl  ftnir  i-.Hf-^  wfr  iwA  the  left  \ft%  for  the  alcoholized  leg. 

(fi  iftMi-  -I,  in  whi'h  46  experinipnts  were  carried  out,  the  per  eeot 
<rf  tui-rt-unt:  \iy  t\u-  unm-\c  of  tha  M-rond  lee  foliowioft  the  absorption  of 
IliriK'T'M  (Itiid  tH  I2,fil.  In  this  ras^,  it  will  be  noticed  that  there  are 
nxlfi-ii  <-N|M!ninciitH  in  which  the  MTond  muscle  did  less  work  than  the 
ntuwli'  of  the  normal  UrfC- 

W<-  Uninil  in  alxiut  two-thirdn  of  the  cases  of  the  alcohohzed  muscle 
that  ilir  initial  contraction  in  Rli|;htly  less  in  height  than  that  of  the 
ri'irtnal  iiiiihcIi-;  howitver,  the  flame  is  found  to  be  true  in  the  second 
iitiiNi-lc  iift(-r  the  injection  of  Ringer's  fluid  or  even  after  the  other  leg 
liuN  IxH-n  liKiitedforthirtyminutcHand  DO  fluid  injected.  Thephenotn- 
r<rion  of  intrfNluctory  contractions  was  present  in  only  a  few  cases. 

'I'lip  "fttnir-ritHo"  in  more  gradual  and  the  maximum  is  reached  later 
111  tlir  niUHclc  of  the  non-Iigatcd  leg  than  in  the  normal  muscle  whether 
I  here  han  lH>en  a  milicutanooUB  injection  of  fluid  or  not.  The  height 
<if  Clint riii'tiiinH  and  the  number  of  individual  contractions  is,  in  the 
mitjorily  of  cnM'tt,  greater  in  the  muscle  of  the  second,  or  non-ligated 
leg.  Tito  oncoming  of  fatigue  and  the  appearance  of  ^diaustion  it 
dclayi'd  in  the  majority  of  the  cases  in  the  mtiscle  of  the  non-Ugated 
leg,  111  other  words,  the  results  heretofore  claimed  for  alcohol  and 
Itiiigi'r'n  iltiid  arc  found  to  he  present  in  the  case  of  the  muscle  from  the 
wiMiiid  log  whether  there  has  been  a  subcutaneous  injection  of  fltiid 
(if  not .  All  of  t  licso  resitlt8  arc  as  marked  in  the  cases  of  romparisoD 
an  ill  (he  cnscK  following  alcohol  or  Ringer's  fluid;  the  increase  in  tit 
Hiiiouiit  of  work  done  by  the  second  muscle  is  greater  when  tbere  is  no 
itxjeclion  of  alrohol  or  Ringer's  fttiid. 

It  WM  iH>tic«>d.  as  reported  by  Lee  and  SaUnt,  that  the  inenaae 
in  aniiitinl  of  w^irk  done  by  the  second  muaele  is  greater  in  the  (•« 
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of  winter  frogs.  This  is  true  in  the  cases  of  comparison  as  well  as 
following  alcohol  or  Ringer's  fluid.  We  did  not  find  contracture  more 
pronounced  in  the  normal  muscle.  The  early  appearance  of  contrac- 
ture we  found  depended  upon  the  strength  of  the  stimulus  used.  In 
those  cases  in  which  we  tried  to  use  a  supra-eecond-maximal  stimulus, 
we  found  that  the  muscle  went  into  an  early  and  marked  contracture. 
In  the  cases  in  which  the  stimulus  was  not  above  the  second  maximum, 
there  was  no  early  contracture.  In  a  few  cases  there  was  a  delayed 
contracture,  even  with  the  rate  of  stimulation  of  30  per  minute. 

CONCLUSIOKS 

1.  The  Ugation  of  one  leg  increases  the  working  power  of  the  ex- 
cised muscle  of  the  other  leg  after  a  wait  of  thirty  minutes. 

2.  That,  while  the  alcohohzed  muscle  or  the  muscle  of  the  leg  fol- 
lowing the  absorption  of  Ringer's  fluid  does  more  work  than  the  normal 
muscle,  it  does  this  work,  not  on  account  of  the  effect  of  the  alcohol  or 
Ringer's  fluid,  but  as  the  result  of  the  hgation  of  the  other  leg. 

3.  Both  alcohol  and  Ringer's  fluid  have  reduced  the  working  power 
of  the  muscle. 

4.  The  method  described  cannot  be  used  to  detemitne  the  effect 
of  drugs  on  the  working  power  of  an  excised  muscle. 

5.  It  is  suggested  that  the  Ugation  of  one  leg  may  bring  about  an 
increase  in  the  working  power  of  the  muscle  of  the  other  leg  by  reflexly 
causing  an  increase  in  blood  pressure  and  thus  improving  the  circula- 
tion through  the  muscle  of  the  non-ligated  leg  during  the  thirty  minutes 
wait.  It  may  be  that  the  effect  noticed  is  partly  due  to  secretion  of 
adrenalin  following  the  operative  procedure.  These  are  simply  sug- 
gested as  possible  explanations  of  the  results  noticed. 
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Id  1914  Newburgh  and  Minot  (1)  made  Dtunerous  observations  of 
the  blood  pressures  in  pneumonia  in  the  wards  of  the  Massacbusette 
General  Hospital,  to  which  were  added  thirty  cases  from  the  Johns 
Hopkins  Hospital.  It  was  found  that  the  average  of  readii^  taken 
.morning  and  afternoon  during  the  course  of  the  disease  was  from  110 
to  120  mm.  Hg.  The  normal  for  human  beings  of  this  age  is  120  to 
130  mm.  In  the  fifteen  cases  observed  in  the  Massachusetts  General 
Hospital  the  lowest  pressure  was  90  mm.  There  were  three  cases  at 
100  mm. 

These  clinical  studies  were  made  to  determine  the  prognostic  value 
of  the  blood  pressure  in  pneumonia.  It  was  felt  at  the  time  that  since 
the  pressures  did  not  fall  during  the  course  of  the  disease,  nothing  would 
be  gained  as  an  indication  for  treatment  by  recording  the  pressure 
two  or  three  hours  before  death.  It  would  then  be  too  lat«  for  ther- 
apeutic measures.  The  teaching  at  that  time  was  that  persons  who 
were  to  die  of  pneumonia  wouhl  have  a  low  or  falling  pressure  dft)'s 
before  the  fatal  issue. 

In  the  course  of  our  studies  in  experimental  pneumonia  we  frequently 
observed  that  the  carotid  artery  seemed  to  contain  less  blood  than 
usual,  a  few  hours  before  death.  It  was  therefore  of  interest  to  meas- 
ure the  blood  pressure  in  experimental  pneumonia  (2),  and  especially 
to  follow  it  to  the  end. 

We  present  in  table  1  the  results  of  our  observations.  The  measure- 
ments above  the  horizontal  hne  are  from  the  curves  recorded  in  the 
work  upon  "TheStateof  The  Vasomotor  Apparatus  in  Pneumonia,"  (3) 
those  below  the  horizontal  hne  were  made  for  this  present  paper,  esped- 
ally  to  determine  the  pressure  just  preceding  death. 

It  will  be  observed  in  table  1  that  while  the  pressures  are  somewhat 
lower  than  normal,  there  is  but  one  case  in  which  the  fall  was  such  as 
to  endanger  hfe;  and  this  dog,  No.  12,  was  measured  literally  at  the 


r>' Google 


BLOOD    PBESStJRE   IN   EXPERtHENTAL   PKIErUONIA 


TABLE  I 

Thx  blood  pretture  in  experimental  pneumonia 


: 

P^'^Ji. 

■H' 

^ 

Sy- 

Cat 

Cat 

Cat 

Cat 

Dog.   ... 

Dof 

Dog 

Rabbit... 

.2 
4 
U 
13 
8 

12 

13 

51 

38*0 

41 

40 

34 

40 

34 

40 
40 

1(H 

85 
210 
ISO 
135 

30 

100 
82 

6hre. 
3hre. 
5min. 
2  bra. 
3h™. 

2inin. 

2hn. 
2hr8. 

Death  due  to  ether. 

Experiment  was  ended  by  killing 
aaimal. 

was  measured. 

Dog 

Dog 

Dog 

Dog 

Dog 

Dog 

Dog 

Dog 

Dog 

109 
110 
III 
112 
113 
114 
U5 
116 
116 

36 

36 

39.5 

40.5 

39.5 

37 

383 

393 

39 

85 
85 
75 
50 
45 
60 
45 
60 
48 

105 
100 

85 
70 
85 
85 
90 
80 

25min. 
15  min. 
40miD. 

Ihr. 
25  min. 
45  min. 
70  min. 

5  fare. 

2  bra. 

\Two  measurements  from  same 
/    dog. 

TABLE  I 
The  blood  pressure  in  pneumocotcus  sepli 


..^. 

stniBaii 

T.„...TC. 

'^V^'iT"" 

'"•'f^^" 

Rabbit ,, 

10 
13 

41 
40 
40 
40 
40 
41 

100 
102 

80 
85 
75 
100 

3) 

Rabbit 

U 

point  of  death,  which  took  place  not  more  than  two  minutes  after  the 
record.  On  the  other  hand,  in  the  experiment  of  April  7,  the  dog  had  a 
pressure  of  105  mm.  fifteen  minutes  before  his  death. 

It  will  be  interesting  to  compare  the  records  of  table  1  with  those  of 
table  2  in  which  the  pneumococcus  septicaemia  was  produced  in  six 
rabbits  by  injecting  the  organism  into  the  vein.     This  procedure  is 
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followed  by  the  same  bacteraemia  observed  in  fatal  cases  of  pneumonia 
but  without  any  infiammation  of  the  lungs.  In  these  cases  the  pres- 
sure is  very  satisfactory  even  two  hours  before  death. 

CONCLDSION 

The  blood  pressure  in  experimental  pneumonia  is  frequently  some- 
what less  than  normal,  but,  in  our  experience,  has  never  been  so  low  as 
to  endanger  life. 
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The  physiology  of  reproduction  has  always  been  of  interest  and  im- 
portance to  the  practical  breeder.  It  is  only  recently  however  that 
this  branch  of  physiology  has  shown  itself  to  be  so  intimately  con- 
nected with  important  and  varied  functions  of  the  organism  as  to  com- 
mand much  attention  from  physiologists  generally.  More  recently 
still  it  is  becoming  clear  that  further  advance  in  unravelling  the  com- 
plicated processes  of  heredity  is,  in  part  at  least,  dependent  upon  a 
closer  knowledge  of  the  exact  conditions  under  which  the  germinal  ele- 
ments form,  grow,  function,  mature,  unite,  and  take  the  first  stepsof 
embryonic  development. 

Our  choice  of  material  has  been  determined  by  two  circumstances 
which  combine  to  make  it  seem  specially  desirable  at  this  time  to  amplify 
at  several  points  our  present  information  on  the  physiology  of  repro- 
duction in  birds.  In  the  first  place,  very  extensive  studies  involving 
perhaps  the  greatest  amount  of  control  of  hereditary  processes  yet 
attained  have  been  carried  out  upon  these  forms'  by  Whitman,  and 
later  by  myself  (I,  2,  3);  furthermore,  new  and  exact  data  on  the  stor- 
age metabolism  of  the  ova  of  pigeons — the  identical  material  used 
by  Whitman — have  now  demonstrated  (3,  and  unpublished  data) 
not  only  a  correlation  of  this  metabolism  with  the  sex  of  the  offspring, 
but  a  fact  that  necessarily  follows,  namely,  that  this  high  or  low  degree 
of  storage  in  the  ova — and  thus  the  sex — cannot  be  wholly  independent 
of  the  metabolism  of  the  oi^anism.  In  the  second  place,  the  ovary, 
and  many  of  the  individual  ova,  of  the  bird  are  large  enough  to  permit 

'  Only  a  fraction  of  the  data  have  as  yet  been  published. 
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of  individual  study,  aod  of  methods  of  study  hardly  available  elsewhere 
among  animals. 

It  happens  therefore  that  avian  reproduction  supplies  a  gateway 
through  which  some  of  the  results  and  methods  of  modem  physiology 
may  be  brought  to  bear  upon  a  fundamental  problem  of  heredity  and 
of  sex. 


Primary  oocytes  are  known  to  be  already  formed  in  a  female  chick 
one  week  old,  and  in  several  species  from  widely  separated  groups  of 
birds  it  is  known  that  the  oogonia  are  formed  at  a  correspondingly 
early  period.  It  is  well  known  too  that  a  "growth  period"  marked 
by  the  deposition  of  yolk  begins  at  once.  In  general  this  growth  con- 
tinues until  the  maturation  of  the  egg,  and  its  extrusion  from  the  ovary. 

It  is  also  generally  understood'  that  the  rate  of  growth  is  not  uniform, 
or  continuous,  and  may  be  divided  into  a  number  of  periods.  In  a 
previous  study  (7)  I  found  some  evidence  that  the  growth  period  in 
the  fowl  is  not  a  steady,  unbroken  one — not  even  among  the  lai^r 
continuously  growing  ova  of  a  functioning  ovary;  but  at  a  certain  point 
the  rate  quite  suddenly  changes  to  a  rate  apparently  eight  to  twenty 
times  faster  than  before;  and  further,  that  the  change  in  rate  normally 
occurs  five  to  eight  days  before  ovulation,  and  when  the  ova  have 
reached  a  diameter  of  about  6  mm. 

It  seemed  desirable  further  to  study  and  to  test  these  indications 
since  if  such  a  radical  change  in  growth  really  occurs  it  is  probably 
a  fact  of  importance  in  the  origin  of  the  germ  cells;  furthermore,  the 
changes  seeme<]  to  occur  at  a  stage  when  the  egg  is  large  enough  (6  mm.) 
to  be  available  not  only  for  the  usual  cytologica!  study,  but  for  macro- 
scopical  observation  and  physiological  experiment  as  well. 

The  earlier  evidence  indicative  of  such  change  in  the  growth-rate 
was  of  two  kinds:  First,  ova  of  the  fowl  which  were  less  than  6  mm. 
in  diameter  failed  to  take  up  Sudan  III  from  the  blood  stream  ,"*  while 
growing  ova  of  more  than  6  mm.  in  diameter  readily  took  up  the  dye. 
The  second  kind  of  evidence  was  obtained  by  a  comparison  of  the  thick- 
ness of  striations  found  in  one  small  ovum  (7  mm.)  with  other  striaUona 
generally  present  in  larger  ova.  We  quote  as  follows  from  our  former 
paper  (I.e.,  p.  460) : 

*  8ee  D'HolUnder  (4),  Sonnenbrodt,  (5),  Bartclmez  (6)  and  others. 
'  I.e.,   Dot  in  amounta  macroscopically  observable.    1   have  elsewhere  (7) 
described  in  detail  the  uae  of  Sudan  in  the  mcasuremeot  of  the  rate  of  growth  of 


ijGoogle 


BTUDIEB  OM    PHT8IOLOOT  OF  REPRODUCTION  IN  BIRDS  389 

Here  (in  the  7  mm.  ovum)  the  noteworthy  facts  are,  that  a  striation  exists, 
and  that  the  lamellae  are  not  thicker  than  0.23  mm.  Whether  these  lamellae  are 
made  up  of  still  nmaller  strata  which  really  represent  days  of  growth  I  am  quite 
unable  to  say.  I  doubt  somewhat  that  the  radius  of  these  small  eggs  is  increased 
by  as  much  as  0.25  mm.  in  twenty-four  hours;  anyway  these  strata  offer  eome 
evidence — in  the  light  of  what  we  know  of  succaediutj  yolk  strata— that  these 
small  eggs  do  not  grow /alter  than  0.25  mm.  per  day  (the  lai^er  eggs  grow  at  the 
rate  of  2  mm.  per  day). 

From  indications  then  at  hand  it  seemed  pertinent  (p.  460)  to  ask 

What  is  the  meaning  of  the  extraordinary  difference  in  growth-rate  of  eggs 
under,  and  over,  6  mm.  in  diameter?  What  old  mechanism  b  inhibited,  or  what 
new  one  brought  into  action,  that  will  account  for  this  procession  of  cells — each 
with  moTitlu  of  slow  and  constant  growth  behind  it — coming  to  a  point  from  which 
it  jumps  in  a  dajf  from  its  accustomed  rate  of  increase,  to  a  rate  that  is  probably 
from  eight  to  twenty  times  higher?  Do  the  follicular  cells  now  become  more 
permeable  than  formerly  to  the  ingredients  of  yolk?  ts  the  increased  vascular- 
ity of  the  follicular  envelopes,  that  certainly  occurs  at  this  time,  a  cauM  or  a 
result  of  the  new  activity? 

In  considering  methods  of  obtaining  positive  and  crucial  evidence  on 
the  question  of  the  existence  and  amount  of  such  difference  in  growth- 
rate  it  was  seen  that  if  the  eggs  of  more  than  6  mm.  diameter  grow 
twenty  times  as  fast  as  the  eggs  of  smaller  diameter,  then  the  number 
of  eggs  above  and  below  6  mm.  in  a  functioning  ovary  should,  at  any 
time,  bear  a  1  ;  20  ratio  to  each  other.  That  is,  there  should  be  twenty 
times  as  many  ova  under  6  mm.  iruiuded  in  a  given  unit  of  radius — 
say  1  mm.  or  3  mm. — as  there  are  ova  of  more  than  6  mm.  within  the 
same  unit  of  radius.  Or,  concretely,  there  should  be  twenty  times  as 
many  eggs  between  3  and  6  mm.  in  diameter  in  a  ovary  as  there  are  eggs 
between  6  and  9  mm.  in  diameter  in  the  same  ovary.  It  follows  there- 
fore that  one  can  thus  count  and  classify  the  ova  in  a  number  of  ap- 
propriate ovaries,  and  then  calculale  the  difference  in  rate  of  growth 
in  the  two  groups  of  ova. 

In  actual  practice  all  the  ova  above  6  mm.  diameter  have  been  counted 
and  this  total  number  compared  with  the  number  of  eggs  of  3  to  6 
mm.  diameter  in  the  same  ovary.  Considering  the  final  size  of  the  eggs 
to  be  30  mm.,  the  rapid  growth  period  involves  the  addition  of  24  mm. 
From  these  data  the  relative  rate  of  growth  is  obtained  from  two  sim- 
ple proportions.* 

*E,g.,  if  (as  in  ovary  No.  I)  there  arc  5  of  the  larger  ova  (■•  24  mm.  growth) 
and  IB  smaller  ones  (»  3  mm.  growth),  we  find,  3  :  19  :  :  24  :  x;  x  =  152;  then 
5  :  152  :  :  I  :  x;  here  x  =  30.4  the  number  sought. 
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For  this  study  were  used  only  fresh  ovaries  known  to  be  actually 
discharging  ova — as  shown  by  egg  laying  record,  by  eggs  in  oviducts, 
or  by  freshly  opened  follicles.  Most  of  the  material  was  obtained  from 
a  butcher  near  by  who  permitted  the  removal  of  the  ovaries  from  the 
birds  as  soon  as  they  were  killed.  Eight  of  those  studied  and  tabu- 
lated here  were  our  own  birds,  whose  e^-Iaying  history  was  known. 
During  two  summers  nearly  two  hundred  ovaries  were  examined: 
complete  and  exact  measurements  were  however  made  on  only  fort>- 
of  these. 

The  result  as  determined  upon  this  material  by  this  method  of  calculation 
is  subject  to  error  from  the  following  sources:  (1)  A  functional  ovary  from  an 
old  bird  may  be  nearly  approaching  the  extrusion  of  the  last  ovum  this  bird 
can  ovulate;  in  this  coac  the  calculated  rate  of  growth  may  be  much  too  tow 
(see  Nos.  4-23-27-30  in  table  1).  (2)'  The  largest  ovum  may  have  escaped  from 
theovary  but  a  few  hours  before  death.  These  few  hours  might  bring  no  change 
in  the  number  of  ova  measuring  3  to  6  mm.,  but  would  change  the  number  above 
6  mm.  by  one-sixth  ot  the  total.  This  is  probably  the  true  history  of  nearly 
half  of  the  ovaries  here  tabulated  (since  only  ovaries  from  laying  bens  are  con- 
sidered), and  tends  to  make  the  calculated  result  too  high.  It  has  therefore 
been  thought  wise  to  base  the  calculation  upon  the  actual  number  found,  and 
then  upon  this  actual  number  plus  one  (sec  column  6,  table  1).  The  actual  rate 
more  probably  lies  Itetween  these  two  figures.  (3)  The  occurrence  of  follicular 
atresia,  or  the  resorption  of  ova,  may  modify  the  result  in  either  direction;  par- 
ticularly if  the  larger  resorbed  ova  become  confused  with  degenerating  cap- 
sules from  which  eggs  have  been  liberated.  Where  such  conditions  were  con- 
fusingly in  evidence  we  have  rejected  the  material.  (4)  In  a  few  cases  it  hu 
been  found  difficult  to  know  whether  the  largest  of  the  slow-growing  eggs  hu 
yet  begun  to  deposit  yellow  yolk — that  is,  whether  it  has  already  started  the 
new  rate  of  growth:  and  in  two  cases  (see  Nob.  17  and  21,  table  I)  there  were 
two  and  three  respectively  of  such  ova  of  doubtful  classification.  Error  in 
making  this  classification  may  modify  the  result  in  cither  direction.  (5)  The 
final  diameter  of  the  yolk  of  the  fowl  is  not  uniformly  30  mm. ;  probably  it  is  ol- 
tener  more  than  less.  If  so,  the  actual  sudden  increase  in  rate  of  growth  of 
ova  when  they  reach  0  mm.  diameter  is  somewhat  greater  than  is  indicated  by 
our  figures. 

A  diameter  of  6.0  mm.  was  not  always  and  arbitrarily  taken  as  the  dividin); 
point,  but  in  each  ovary  this  point  was  determined  by  the  diameter  of  the  larftest 
ovum  with  no  yellow  yolk  evident  at  its  surface.  It  this  proved  to  be  6,5  mm. 
the  number  of  ova  between  this  and  3.5  mm.  was  determined  and  used  in  (be 
classification. 

The  data  of  tables  1,  2  and  3  seem  to  establish  beyond  question  the 
fact  of  a  sudden  increase  in  the  growth-rate  of  ova  of  the  fowl  when 
these  attain  a  diameter  of  about  6  mm.  It  is  further  shown  that  the 
extent  of  this  increase  is  somewhat  greater  than  our  earlier  evidence 
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Juir 

Augoat 


Av.  =5,4 


44.8 
36.0 
21,7 


24-0 
30-0 
26.7 
37-3 
30  0 
19.0 
32.0 


51.1 

42, « 

24.0 

19.2 

200 

18.0 

16-0 

14.5 

10,7 

9,9 

34.0 

27,2 

19  2 

160 

18.7 

If.O 

38.4 

32,0 

33.6 

28.0 

21.0 

18.7 

29.3 

2,S,1 

20-0 

16.0 

27,2 

22-7 

40.0 

320 

18.3 

16,0 

10.7 

9.1 

16,0 

14.0 

24,0 

20,0 

14,4 

12.0 

42,0 

33.6 

23, S 


TbeBevenil  columns  bear  the  (allowing  data:  I  —  date  of  cxomiDstioD  of  ovaiy; 
II  '  Kiial  number  of  ovary;  III  —  the  number  of  ova  more  than  6.0  mm.  diameter 
in  ovary;  IV  —  number  of  ova  between  3.0  and  6,0  (approximately)  mm.;  V  = 
calculated  difference  in  rate  of  growth  of  the  two  groups  of  ova;  VI  =  this  dif- 
ference of  rate  when  (1)  ia  added  to  the  number  of  larger  ova  actually  fotind  (see 
text).  Average  does  not  include  Nos.  4-17-21-27.  The  dales  refer  to  1911  and 
1912, 
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had  suQ^ted ;  the  present  data  indicating  the  rate  to  be  between  23.6 
and  28  times  more  rapid  in  the  latter  ova.  The  average  of  these  two 
numbers,  i.e.,  25.8,  probably  very  nearly  measures  the  remarkable 
extent  of  this  sudden  jump  in  growth  power. 

That  the  whole  of  this  saltation  in  rate  of  growth  may  be  completed 
in  as  short  a  space  of  time  as  a  day  is  shown  by  an  examination  of  the 
data  presented  in  tables  2  and  3  taken  in  connection  with  the  following 
considerations:  (1)  The  conmionly  observed  fact  that  one  of  the  lat^est 
ova  may  be  ovulated  daily.  (2)  In  such  cases  an  ^%  of  the  6  mm. 
group  must  daily  joia  the  restricted  group  of  the  larger  ova.  Now, 
the  siae  differences  of  the  very  restricted  number  of  eggs  immediately 
over  6  mm.  la  diameter  indicate  (tables  2  and  3)  that  the  full  extent 
of  the  new  growth  power  is  often  attained  in  a  single  day.'  Convincing 
evidence  of  another  kind  on  this  point  resulted  from  a  direct  measure- 
ment (7,  p.  459)  with  our  Sudan  III  method  of  studjdng  the  rate  of 
growth  of  the  more  central  and  peripheral  yolk  of  the  hen's  ovum. 
The  indicated  rates  of  growth  were  1.53  nun.  for  the  more  central* 
portions,  and  1.67  mm.  for  the  peripheral  portions  of  yolk  per  twenty- 
four  hours.  The  difference  here  is  within  the  limits  of  error  of  meas- 
urement. The  first  yolk  that  is  added  to  an  ovum  already  6.0  mm. 
in  diameter  is  therefore  added  at  about  twenty-6ve  times  the  pre- 
vious rate. 

It  is  of  some  interest  to  note  the  part  that  seasons  play  in  our  data 
on  the  indicated  increase  in  rate  of  growth.  This  rate  seems  higher 
in  the  early  summer:  27.4  =  average  of  first  ten  ovaries;  and  lower 
in  late  summer:  21.6  =  average  of  last  ten  ovaries.  It  is  doubtful 
however  whether  importance  attaches  to  these  figures. 

The  change  in  the  rate  of  deposition  of  yolk  involves  the  foUicuIar 
membrane — which  everywhere  covers  the  surface  of  the  ovum — in  a 
way  that  is  interesting  to  note.  The  radius  of  the  ovum  is  increased 
in  the  period  of  rapid  growth  by  nearly  2.0  mm.  in  twenty-foiu-  hours. 
Tliis  requires,  during  each  thirty  minutes  or  less,  the  passage  through 
(or  between)  each  of  these  follicular  cells  of  a  quantity  of  j-olk  material 
equal  to  the  volume  of  the  cell  itself.     The  material  thus  transported 

*Ov&rie3  No.  3-6-S-1T-28  on  the  other  hand  show  two  o(  these  ova  of  oearif 
the  SMoe  siie,  and  No.  21  oontaioed  3  such  ova  of  DC&rly  equal  site.  But  tbeK 
coostitiilr  only  one-fifth  of  (he  lotal  and  we  know  that  bens  sanetiiDes  h,j  two 
eRKS  within  less  than  twenty-four  hours,  and  that  Ibey  also  aotnetimM  lay 
douhlc-yolked  eRfcs-     Follicular  atresia  too  may  eliminate  soom. 

*  I.e.,  parts  immediately  eslfrial  to  the  6  nun.  central  q>bere  of  white  yolk. 
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TABLE! 

tniUimelers,   on  eight  emarieg  {early  summer) 
The  line  teparaUt  egg*  gromng  at  vastly  different  rotes 


-o.. 

..-2 

»».J 

-o.. 

32X34 

28X30 

28X33 

32X35 

30X33 

25X30 

26X2f< 

24X27 

25X  30           -  5 

24X27            =8 

25X27           -7 

23X23 

=  4 

13  X  15 

20X22* 

23X24 

16X18 

9X  10 

13  X  17 

21  X25 

10  X  18 

16  X  18 

5X6 

6X6 

8X8 

6X61 

31X4 

-  3 

5  X  6  -  3t 

61X7 

3X3 

4iX5 

51  X  6    -  2 

4X6           -  19 

6X6    =3 

5X5 

4X4-4 

5iX6 

41x6-2 

31  X  4  -  2 

5X5    -  3  -  17 

4X4    =  3  =  19 

3X4 

41X5    -2 

31X4    -4 

3x3-6 

3X4-2 
3X3!  =  ^ 
3X3-4 

3  X  31  -  4 
3X3-3 

wo-S 

HO.. 

.0.7 

NO,  8 

25X29 

23X27 

28X33 

28X30 

23X26 

22  X  28 

26X29 

21  X25 

19  X  20           =6 

15  X  18           -  6 

20X23           =5 

12X14 

=  5 

18  X  19* 

13  X  14 

14  X  17 

7X8 

15  X  18 

8X81 

8X  11 

6X7 

7X7i 

61X8 

6X6 

6X6 

6X6-2 

6X6 

51  X  6 

5!  X6 

51  X6 

5X6=2 

5X6=3 

5X5    =4 

Six  5* 

5X5-3 

5X5-2 

41X5    -4 

5  X  5i  -  2 

41  X  5    -  3 

4i  X  6    -  3 

4!  X  41  -  4  . 

28 

5X5    -  3  -  21 

4!  X  41          -  27 

41  X  41          =20 

4X4=3 

4JX5 

4X4=4 

4  X  41  =  3 

31  X  4    =3 

4i  X  4J  -  2 

31X41 

4X4 

3  X  31  -  3 

4X4-3 

3i  X  4    -  3 

31X4    -2 

3x3-4 

3J  X  4    -  2 

3  X  31  =  4 

31X31 

3  X  3)  -  2 

3X3    -4 

3X3-2 

3X3=2 

*  Bag-like. 

t  The  numbera  in  this  column  indicate  the  number  of  eggB  corresponding  t 
■  given  measurement. 
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Shmrrinfi  detailed  meaiuremenU  on    eight 

The  line  indicates  the  point  of  change  in  gromth-rate 

so.2i 

M,.» 

.OH 

KO.tJ 

29X36 

27X31 

30X33 

27  X32 

27X30 

22X25 

25X31 

24X29 

25X27            -5 

15  X  17           -  4 

23X29 

22  X25             -6 

20X24 

U  X  121 

21  X  24             =7 

18  X  21* 

16X18 

15  X  20 

18X21 

6X7 

11)  X  14 

9X101 

6iX7i 

6X61 

101  X  121 

6X7 

51X61 

51X61 

+0X61 

51  X6    =2 

6X61 

5X6 

6X6f 

51X6    =2 

51X6i 

5X5} 

51X6 

51X51 

4iX5i 

5  X  51            -  8 

5  X  51  -  2  =  17 

5  X  51          =20 

41X51 

41X5 

41  X  5    =  2t 

4}  X51 

41  X  5    =2-16 

3iX3l 

4X5=2 

41X5 

4  X  41  -  2 

3X3      -2 

31  X  5 

41X41 

31  X  4    -  2 

4X4=2 

4X41 

31  X  31  -  2 

3)  X4 

31  X  4    =3 
3  X  31  =  3 
3X31 

3  X  31  =  2 

KO.  K 

so.  It 

HO.  90 

.,.« 

28X32 

30X33 

30X33 

29X33 

27  X  29 

22X24 

19  X22 

24X28 

22X27 

17  X  19             =5 

16  X  18             -  5 

16  X  19            '* 

20X22           =7 

12  X  13 

11  X  13 

71  X  8 

15  X  IS 

71X71 

7X81 

12  X  131 

51X5! 

SiXBl 

51X51 

6  X  61 

5X51 

5X5J 

5X5 

41X5 

5*X6* 

5X51 

31  X  4 

41  X  5    ~2 

5X6 

41  X  5             -  15 

3  X  4t             -  9 

4!  X  41            -  21 

4X5) 

41X41 

3X31 

4X4    =3 

41  X  S           =14 

4X41 

31  X  31  -  2 

31  X  4    -  3 

4X4J 

4X4-3 

3  X  31  =  2 

31  X  31  -  3 

31  X  31  -  3 

31  X  4 

31X31 

3  X  31  -  2 

31  X  31  =  3 

3  X  31  -  3 

3X3=4 

31  X31 

3X3    -2 

■  Not  ohaolutely  certftin  this  gkr  beIon([cd  in  this  ovary. 
t  The  numbers  in  this  column  indicate  the  number  of  eggs  correspoodios  '^ 
1  given  measurement. 
t  Degenerating. 
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is  water-poor,  and  rich  in  fat.  At  this  same  time  moreover  many  new 
follicular  cells  must  be  formed.  Within  as  short  a  time  as  five  days 
a  6  mm.  ovum  may  have  grown  to  33  mm.  The  relative  sizes  of  the 
membranes  for  ova  of  the  two  stages  are  as  1  to  30.  If  all  of  the  fol- 
licular cells  arise  from  follipiilar  tells — as  seems  probable— each  ceii 
must  divide  every  twelve  hours  (10  divisions  in  120  hours).  It  is  cer- 
tain that  young  and  growing  cells  are  abundant  in  the  folUcular  mem- 
brane during  the  period  of  the  rapid  growth  of  the  ovum.  The  chem- 
istry of  this  membrane  in  the  various  phases  of  its  activity,  and  the 
chemistry  of  the  two  forms  of  yolk  which  correspond  to  the  two  rates 
of  growth  here  described,  are  the  subjects  of  investigations  to  be  pub- 
lished immediately  in  this  series  of  papers. 

It  remains  to  point  out  that  a  strictly  comparable  change  in  gron-tb- 
rate  occurs  during  the  "growth  period"  of  other  avian  ova — very  clearly 
in  the  pigeons — and  indeed  in  the  ova  of  many  animals.  The  lime  of 
the  change  is  most  variable  for  the  ova  of  different  classes  and  phyla; 
but  the  extent  of  the  change  is  probably  nowhere  as  pronounced  as 
in  the  birds. 

His  (3,  p.  20)  diatinKuiahed  by  their  macroscopic  appearance  four  i-lasses  of 
ova  (Follikel)  in  the  lien's  ovary.  The  present  data,  and  the  data  of  an  earlier 
paper  (7)  show  that  there  are  only  the  two  above-mentioned  natural  groups 
when  these  are  considered  from  a  dynamic  standpoint.  It  was  further  noted 
by  His  (p.  5)  that  the  "number  of  follicles,  even  in  hens  that  laid  every  day.  is 
strictly  limited."  He  tabulated  the  contents  of  three  ovaries,  finding  in  Ihem 
5-3-5  eg|[s  respectively  of  more  than  9.0  mm.  in  diameter. 

D'Hoilandcr  (4)  and  Sonncnbrodt  (5)  have  carefully  studied  the  ctevelopment 
of  the  ovum  in  the  fowl  and  divided  its  growth  into  more  or  leas  distinct  periods; 
but  chieRy  on  the  basis  of  nuclear  phenomena.  Sonnenbrodt  (p.  418)  describes 
also  the  appearance  of  the  hen's  ovarial  egg  and  notes  that  they  are  "whitish 
till  of  about  5  mm.  diameter    ,     ,     .    .    the  smaller  ones  rather  grayish    .     . 

.  .  ;  over  5  mm.  were  very  yellow."  This  observer  further  found  "up  lo 
six  follicles  over  10  mm.  diameter,  but  mostly  three  or  four." 

Bartclmez  (6)  describes  four  stages  in  the  development  of  the  ovarial  egg 
(pigeon).  His  clasaiGcation  is  based  upon  the  phases  of  activity  of  the  oocyte 
as  a  whole,  and  from  any  point  of  view  in  which  aiie  and  changes  in  growth  are 
being  considered,  his  treatment  is  certainly  the  best  the  subject  has  received. 

Sonnenbrodt  and  Bartelmez  report  a  slow  growth  of  the  oocytes  to  about 
0.09  mm.  where  they  (the  earliest,  at  least)  halt.  The  next  period,  according 
to  Bartelmez  carries  the  egg  to  a  diameter  of  0.4  nun. ;  hut  between  this  and 
5.0  mm.  no  change  in  rate  of  growth  is  suggested.  From  5  mm.  to  ovulation  he 
finds  the  rapid  growth  which  1  had  previously  shown  to  begin  at  about  6  mm.  in 
the  fowl. 

Agassiz  and  Clark  (9)  long  ago  pointed  out  that  (here  is  a  final  growth  period 
in  the  eggs  of  lurtleH  which  is  more  rapid  than  that  which  preceded  it;  this  more 
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rapid  growth,  lasting  four  yeare  in  all  egge;  the  first  set  of  eggs  beginning  thii 
rate  in  animaU  seven  years  old.  In  Lacerta.  firaun  and  later  Hoffman  (10] 
showed  that  the  formation  of  Kroupa  of  ovarian  follicles,  with  increased  rate  of 
growth,  occurs  only  in  the  spring. 

Many  forms  are  known  in  which  it  has  been  practically  certain  that 
the  final  growth  period  is  accomplished  at  an  accelerated  rate.  A 
means  of  measuring  this  acceleration  has  however  not  hitherto  been 
found.  Moreover,  the  point  at  which  it  occurs  has  not  been  defined. 
Indeed,  the  tenn  "final  growth  period"  seems  to  have  been  rather 
generally  appUed  to  all  the  macroscopically  visible  ova  of  the  ovary. 

CONCLUBIONS 

By  suitable  methods  it  has  been  possible  to  show  that  when  the 
oocyte  of  the  fowl  reaches  s  diameter  of  about  6  mm.  it  increases  its 
previous  rate  of  growth  to  a  rate  nearly  25.8  times  higher. 

The  transition  from  the  one  rate  to  the  other  is  made  in  a  single  day. 

The  transition  sharply  marks  ofT  the  type  of  substance  accumulated 
in  the  ovum.  Under  the  slower  rate  this  is  white  yolk ;  under  the  greatly 
increased  rate  the  yellow  yolk  is  produced. 

The  increased  rate  of  deposition  of  yolk  materials  is  necessarily 
accompanied  by  a  pronounced  alteration  in  the  growth  and  activity 
of  the  membrane  (follicular)  which  surrounds  the  ovum.     - 

A  comparable  change  in  growth-rate  occurs  generally  in  other  avian 
and  sauropsidan  eggs. 
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SOURCES  OF   INTEREST    IN   THESE  DATA 

The  eggs  of  birds  are  known  to  contain  yolk  of  two  kinds.  Because 
of  their  color  the  two  kinds  are  called  white  and  yellow  yolk.  The  his- 
tological differences  between  the  two  forms  are  very  marked  and 
have  long  been  known.  The  chemical  differences  are,  however,  known 
or  indicated  by  only'  a  single  partial  analysis  of  white  yolk  reported 
by  one  of  us  (R.  1).  The  reason  for  the  lack  of  analyses  of  the  white 
yolk  is  doubtless  to  be  found  in  the  fact  that  the  preparation  of  such 
samples  is  a  most  tedious  process.  Indeed,  unless  advantage  is  taken 
of  the  fact  that  the  ova  of  the  fowl  consist  wholly  of  white  yolk  until 
they  begin  their  final  period  of  rapid  groniih — described  in  Number  I 
of  these  studies  (2) — it  is  practically  impossible  to  obtain  such  sam- 
ples. When  it  is  considered  that  the  egg-nucleus,  the  germ,  and  the 
embiyo  are  in  direct  contact  with  white  yolk  exclusively  it  becomes 
clear  that  we  can  know  the  chemical  nature  of  the  environment  of  the 
germs  of  birds  only  when  the  chemical  composition  of  the  white  yolk 
is  known.  The  analyses  here  reported  demonstrate  that  the  two  forms 
of  yolk  are  strikingly  different  substances,  and  that  the  white  yolk 
much  the  more  nearly  approximates  the  composition  of  small  holo- 
blastic  eggs,  and  of  living  undifferentiated  tissue  generally. 

'The  impression  (e.g.,  Hammereten,  Physiological  Chemistry)  that  Lieber- 
mann  (Pfluger't  Arch.  vol.  4.1)  raadc  even  a  qualitative  analysis  of  white  yolk 
seenu  to  be  an  error.  The  blaatodisc  (Kpimscheiljc)  which  he  thus  investiRated 
is  a  quite  different  structure  and  material. 
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An  examination  of  the  available  data  on  the  percentage  composition 
of  the  yellow  yolk  indicates  that  the  moisture,  neutral  fat  and  protein 
figures  warrant  new  determinations.  And,  if  a  comparisoa  is  to  be 
made  with  the  figures  obtained  for  the  white  yolk  it  is  particularly  de- 
sirable that  the  analyses  of  the  two  substances  be  carried  out  by  iden- 
tical methods.  The  phosphorus  compounds  of  the  e^  have  been  much 
studied,  but  our  analyses  include  determinations  of  alcohol-eoluble 
water-insoluble  phosphorus,  as  well  as  figures  for  the  total  extractive 
bodies,  and  ash.  In  nearly  all  previous  analyses  it  seems  practically 
certain  that  a  recently  established  fact  of  importance  has  been  much 
disregarded;  namely,  the  fact  that  water  is  continually  passing  from 
the  albumen  to  the  yolk  from  the  time  the  ovum  leaves  the  ovary  till 
the  time  of  preparation  of  the  sample.  Greenlee  (3)  has  shown  that 
this  exchange  occurs  from  the  time  an  egg  is  laid  until  many  months 
thereafter,  and  that  the  rate  of  such  absorption  of  water  by  the  yolk 
is  much  greater  in  the  very  fresh  egg  than  in  the  stale  one.  Our  own 
data  show  furthermore  that  in  a  "fresh  egg" — that  is,  in  any  "laid" 
egg — the  yolk  has  already  been  very  appreciably  diluted  by  water 
from  the  albumen.  The  ovarian  yolk  contains  less  moisture  than  the 
yolk  of  the  fresh  laid  egg.  In  few  of  the  previous  analyses  is  the  exact 
age  of  the  e^  considered.  This  means  that  the  data  from  those  analy- 
ses represent  the  percentage  of  water  as  being  both  higher  and  more 
variable  than  is  true  for  samples  of  pure  undiluted  yolk. 

Little  is  known  of  the  variation  in  chemical  composition  of  the 
yolk  produced  by  different  orders,  species  and  races  of  birds.  This  is 
true  though  there  are  some  available  data  on  the  yolk  of  various  breedt 
of  the  common  fowl,  and  though  Langworthy  (4)  has  made  four  useful 
analyses  of  yolks  from  other  species  of  poultry.  Before  convincing 
evidence  on  this  point  can  be  had  it  seems  necessary  that  eggs  not  only 
fresh  but  of  identical  age  (in  hours),  be  taken  for  comparison;  that  eggs 
from  more  than  one  individual  of  a  breed  be  used;  and  finally  that  the 
age,  and  previous  ^g-laying  history  of  each  bird  be  known  and  con- 
sidered. These  last-named  points  are  justified  by  the  data  from  about 
nine  hundred  analyses  of  individual  yolks  from  eg^  of  various  species 
of  pigeons  and  doves,  as  this  has  been  carried  out  by  one  of  us  (Riddle, 
unpublished  data).  A  comparison  of  the  chemical  composition  of  the 
egg  yolk  of  birds  belonging  to  two  different  sub-orders  of  birds  is  af- 
forded by  the  present  data  on  the  fowl  and  the  pigeon— the  analyses 
for  both  kinds  of  eggs  having  been  carried  out  by  a  uniform  method. 

A  further  reason  for  interest  in  a  comparison  of  the  composition  of 
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the  two  forms  of  yolk  lies  Id  the  fact  that  the  two  forms  have  been 
shown  (t  and  2)  to  be  associated  with  two  strikingly  different  growth 
rates;  the  two  substances  arise  in  the  same  cell  under  two  quite  unlike 
metabolic  conditions.  Our  analyses  show  that  the  white  yolk — which 
is  stored  but  slowly  in  the  cell — has  a  percentage  composition  approxi- 
mately that  of  living  growing  tissues;  and  that  the  yellow  yolk  which 
is  stored  in  the  cell  at  a  rate  that  is  25.8  times  greater  (see  Number  I 
of  these  studies)  departs  very  widely  in  composition  from  all  other 
substances  or  tissues. 

METHODS   OF   PREPARATION   AND   ANALYSIS 

The  samples  of  yellow  yolk  from  the  laid  eggs  of  common  fowls  and 
Jiugle  fowls  were  prepared  as  follows:  The  shell  was-  divided  along 
its  longer  diameter  with  a  pair  of  small  scissors.  The  two  halves  were 
used  as  'boats'  in  which,  alternately  at  first,  the  yolk  was  floated  xmtil 
freed  from  the  greater  part  of  the  albumen.  When  a  part  of  the  albu- 
men was  thus  removed  the  two  chslazae  were  carefully  cut  away  from 
their  point  of  union  with  the  vitelline  membrane.  The  complete  or 
final  removal  of  albumen  was  accomplished  by  the  use  of  elongated 
strips  of  hard  filter  paper  which  were  repeatedly  rolled  under  the  yolk 
while  still  in  its  boat.  In  this  way  it  is  believed  that  all  traces  of  albu- 
men were  removed  from  the  yolk  and  from  that  half  of  the  shell  from 
which  the  yolk  was  finally  released  into  the  large  weighing  tube.  The 
ovarian  egga  were  taken  from  birds  as  soon  as  these  were  dead.  The 
outer  theca  was  stripped  from  the  ripest  ovum;  two  samples  (Y,  Z) 
were  then  obtained  by  slitting  the  follicle  at  the  hilum  and  forcing 
the  last  traces  of  yolk  from  the  surrounding  follicle.  The  third  of 
these  samples  (M)  was  analysed  together  with  its  inner  follicular  mem- 
brane as  noted  elsewhere. 

The  yellow  yolk  of  the  pigeon's  eggs  was  obtained  by  steaming  the 
just-laid  eggs  for  eight  minutes,  cooling  in  water  for  four  minutes, 
and  then  completely  removing  the  albumen  and  vitelline  membrane. 
These  samples  are  quite  clean,  and  comparisons  with  the  uncoagulated 
(pigeon)  yolks  rolled  on  filter  paper  show  that  even  the  moisture  values 
of  the  yolk  are  unmodified. 

For  the  preparation  of  the  white  yolk  samples  several  entire  ovaries 
were  obtained  from  laying  hens;  the  ovaries  were  removed  as  soon  as 
the  birds  were  dead.  All  of  the  normal  ova  having  a  diameter  of  3  to 
6.5  mm.  were  separated  from  the  ovary,  cleaned,  their  outer  theca 
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removed,  slit  open,  and  their  contents  pressed  out  and  combined  is 
in  a  we^hing  tube.    The  operation  is  a  tedious  one. 

The  methods  used  in  the  analysis  are  those  described  in  detail  by 
Koch  (5).  In  brief,  the  material  was  extracted  four  boiUB  with  alco- 
hol, one  hour  with  ether  (then  very  finely  pulverized),  Snd  finally 
twelve  hours  with  alcohol,  in  a  Koch  extractor.  Water-soluble  oi^ 
ganic  and  inoi^anic  bodies  were  separated  from  both  fractions  result- 
ing from  the  alcohol-ether  extraction.  The  phosphorus  ofthe  alcohol- 
ether  extract  (exclusive  of  the  water  soluble-portion)'  was  determined 
by  the  Neumann-Pemberton  method,  and  calculated  as  lecithin  (phos- 
phatides). 

The  figures  given  for  neutral  fat  and  protein  were  obtained  by 
difference.* 

CONSIDERATION   OP  PREVIOUS  RESULTS 

A  single  analysis  by  Parke  (7)  supplies  the  figures  which  are  quoted 
in  all  text  books  as  representing  the  percentage  composition  of  egg 
yolk.  Three  yolks  were  combined  in  the  sample.  The  moisture 
content  as  given  is  certainly  too  high,  probably  for  the  reason  already 
noted.  The  extraction  methods  of  Parke's  time  probably  did  not 
effect  a  complete  separation  of  the  lipoids.  Only  68.6  per  cent  of  the 
solids  were  alcohol-ether  soluble  according  to  Parke,  In  our  anal>-se8 
this  fraction  is  always  closer  to  70  per  cent. 

More  recently  rather  extensive  analytical  data  on  egg-yoik — par- 
ticularly on  the  protein  of  egg  yolk — have  been  obtained  by  investi- 
gators at  the  Connecticut  State  Experiment  Station,  and  at  the  United 
States  Government  Laboratories.  The  quantity  and  distribution  of 
various  nitrogenous  bodies  have  been  studied  in  detail.  Percentages 
of  the  grosser  composition  have  however  received  less  attention.  Lang- 
worthy  gives  in  connection  with  his  results  moisture  values  which  are 
high.  The  yolks  analyzed  were  from  eggs  obtained  in  the  market.* 
The  value  of  the  alcohol-ether  soluble  fraction  is  slightly  higher  than 

'  Thia  fraction  (rom  egg-yolk  contains  only  a  trace  of  phonphoruB.  Id  6vv 
of  the  analysea  of  the  pigeon's  yolk  the  phosphorus  was  determined  for  the  eo- 
tire  alcohol-ether  soluble  fraction. 

'  Atwal«r  and  Bryant  (6),  state  {p.  53)  that  "it  is  probable  that  the  (actor 
6.25  is  not  correct  for  eggs"  and  that  "the  value  of  protein  by  difference  is  per- 
haps the  more  nearly  correct." 

<  The  object  of  the  investigation  whs  to  learn  the  composition  of  eggs  as  tbrte 
are  obtained  for  food  purposes. 
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wu  obtained  by  Parke.  This  author  also  analyzed  the  egg  yolk  of 
the  duck,  goose,  turkey  and  guinea-fowl.  Since  these  yolks  too  were 
from  eggfi  obtained  in  the  market,  and  hence  of  xmknown  age,  the  mois- 
ture values  are  doubtless  too  high.  Langworthy's  results  upon  the 
yolks  of  these  species,  recalculated  into  per  cent  of  soUds,  are  as  follows: 


«l» 

w.„. 

,.T 

««,.» 

«e 

a5t"™- 

(45,8) 
(44.1) 
(48.3) 
(49.7) 

66.8 
64.6 
63.6 
63.2 

31,0 
31.0 
33.6 
33-2 

2-0 
2.3 
2.3 
2,4 

*  The  percentages  of  carbohydrate  flfe  apparently  baaed  on  the  moiat  weight. 
The  amount  given  for  the  hen's  egg  is  0.07  per  cent. 

It  is  stated  that  individual  samples  vary  more  or  less  and  that  the 
above  figures  are  averages.  There  would  seem  to  be  real  differences 
in  the  composition  of  yolk,  for  instance,  from  the  duck  and  guinea 
fowl.  It  seems  to  us  probable  that  if  the  moisture  values  had  been 
obtained  from  ovarian,  or  just-laid  e^s  that  the  moisture  differences 
would  here  have  been — as  we  found  in  the  case  of  the  fowl  and  the 
pigeon — the  most  marked  of  all  the  differences.  Cook  (8)  obtained 
a  moisture  value  of  45.3  per  cent  from  a  sample  containing  a  number 
of  yolks,  and  a  second  value  from  a  similar  sample  of  48.5  per  cent. 
He  also  gives  data  for  the  ash,  and  for  protein  as  calculated  from  total 
nitrogen.  Pennington  (9)  made  very  extensive  studies,  particularly 
on  the  distribution  of  the  nitrogen  of  the  yolk.  The  moisture  values 
given  are  higher  than  we  find  for  the  undiluted  yolk;  and  the  extract 
obtained  with  alcohol  and  petroleum  ether  is  somewhat  smaller  than 
the  amount  we  obtain. 

Malcolm  (10)  has  published  some  data  on  the  percentage  composi- 
tion of  egg  yolk.  For  our  purposes,  however,  the  results  are  hardly 
usable  for  three  reasons.  (I)  Because  it  seems  that  entire  yolks  were 
not  used;  and  with  this  method  of  pipetting  out  portions  of  the  yolk 
it  is  quite  possible  to  include,  or  to  fail  to  include,  the  white  yolk  at 
the  center  of  the  egg,  and  this  will  certainly  introduce  considerable 
variations— as  was  found  by  Malcolm — in  the  percentage  of  lecithin 
obtained.  (2)  The  age  of  the  eggs  used  is  unknown.  (3)  The  method 
of  correcting  the  yolk-weight  by  pro-rating  between  yolk  and  albumen 
the  loss  of  water  from  the  egg  before  beginning  analysis  is  wholly 
wrong;  it  magnifies  instead  of  minimizes  the  error  in  the  determination 
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of  the  true  initial  weight  of  the  yolk.  Aa  already  noted  it  has  been 
found  that  the  yolk  is  couBtantly  absorbing  water  from  the  albumen 
instead  of  losing  water  to  the  albumen  as  was  assumed  by  Malcolm. 
Serono  and  Pallozzi  (11)  made  partial  yolk  analyses  of  fowl's  eggfi 
less  than  twenty-four  hours  old,  after  removing  the  albumen  from  the 
yolks  by  rolling  the  latter  on  filter  paper.  They  did  not  make  analyses 
of  individual  ^gs  but  combined  ten  yolks  in  a  sample.    Their  fat  extrac- 


Anal^ies  of  yolk  of  fowl' i  egg  by  varioua  invettigator* 


AvnoB 

™.«, 

-out™ 

™™» 

F*I 
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Pwke 

Per    cent    of 
moist  weight 

47.20 

10.72' 

22.82 

15.63 

0-97 

Per   cent    of 
moiflt  weight 

496 

33.3 

15.7t 

1.1 

Malcolm 

Per    cent    of 

27.79  to  31.89 

I7.50t 

moist  weight 

SeroDO    and 

Per    cent    of 

11.05 

18,87 

PalloMi 

moist  weight 

to 
12. OS 

to 
21.47 

«,30S 
and 

30. lot 
and 

solids 

and 

48.74i 

31.87 

234 

Per   cent    of 

47.43 

31.44  to  33.33 

1.31 

moiat  weight 

to 
48.0311 

to 
258 

Riddle 

Per   cent   of 
solids 

47.8 

20-9" 

49.2 

28.8 

Greenlee 

47.35 

*  Phosphorus  of  alcohol-other  extract  calculated  as  lecithin, 
t  These  figures  =  N  X  6.25. 

X  This  figure  -  the  averse  N  of  18  samples,  X  6.25  (18.22,  the  calculated 
average  weight  of  the  yolks  of  18  eggs). 

S  The  samples  each  contained  more  than  one— an  unnamed  numbei^-of  ei^. 
I.Six  to  eighteen  eggs  used  in  a  sample;  a  total  of  19  analyses. 

tion  seems  to  us  inadequate,  and  the  amount  of  fat  obtained  by  them  is 
less  than  that  obtained  by  us.  The  amount  of  fat  which  they  obtained — 
in  spite  of  thp  large  combined  samples  used — was  also  so  variable  as 
to  raise  much  doubt  as  to  t^je  adequacy  or  accuracy  of  the  extraction 
methods  used.  They  give  the  minimum  and  maximum  of  fat  (+luteiD) 
obtained  as  (nearly)  18.87  and  21.47  per  cent  of  the  moist  weight  of 
the  sample.    Their  figures  for  lecithin  are,  on  the  average  (11.57  per 
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cent  moist  weight),  slightly  higher  than  those  obtained  by  lis.  We 
fail  to  obtain  moisture  and  protein  values  from  their  results,  which 
were  concerned  chiefly  with  the  lutein  fraction  of  the  yolk.  These 
workers  used  especially  elaborate  precautions  against  the  occurrence 
of  changes  in  the  lipoids  during  the  analysis. 

To  facilitate  a  comparison  of  the  results  obtained  by  these  several 
investigators  table  1  has  been  prepared.  The  data  of  the  tabic  also, 
in  some  respects,  amplify  the  foregoing  brief  statement.  These  tabu- 
lated data  are  moreover  in  convenient  form  for  comparison  with  our 
own  results.  Studies  similar  to  ours  on  the  composition  of  the  yolk 
of  the  pigeon's  egg  seem  not  to  have  been  made  hitherto. 

DISCUSSION   OF  THE  DATA 

Yellow  yoU^  of  the  common  fowl.  The  results  of  six  analyses  are 
given  in  table  2.  An  examination  of  the  several  moisture  determinations 
shows  that  egg  yolks  obtained  from  the  ovary  and  oviduct  contain 
the  smallest  amounts  of  water.  The  amount  is  probably  2  per  cent 
lees  than  the  figures  obtained  by  one  of  us  (1)  and  by  others  on  "fresh" 
ef!^.  Greenlee  showed  that  in  laid  eggs,  kept  at  ordinary  temperatures, 
solids  do  not  pass  from  the  yolk  to  the  albumen.  It  is  clear  therefore 
that  when  the  yolk  leaves  the  ovaiy  and  becomes  surrounded  by  albu- 
men it  then  becomes  contaminated  with  water  absorbed  from  the  albu- 
men. Uncontaminated  natural  yolk  contains  little  more  than  45 
per  cent  of  mobture.  If  all  of  the  alcohol-soluble  water-insoluble  phos- 
phorus exists  in  the  form  of  lecithin  this  substance  forms  2t.9  per  cent 
of  egg  yolk,  and  the  neutral  fat  is  equal  to  47.3  per  cent.  The  amount 
of  protein  in  egg  yolk  is  29.1  per  cent. 

'Samples  of  really  pure  yellow  yolk  cannot  be  obtaiaed  from  any  bird;  a 
3io|;le  full-grown  ovum, — an  egg  yolk  eDtire — forma  each  sample  designated 
yellow  yolk  in  table  2.  At  the  center  of  each  yolk  there  is  a  core — about  six 
mm.  in  diameter — of  white  yolk;  thia  is  etiual  to  about  1/160  of  the  total  volume 
of  a  yolk  of  33  mm.  diameter.  Extending  from  this  central  core  to  the  germinal 
spot  (or  vesicle)  at  one  point  of  the  yolk's  surface  is  also  a  cylinder  of  white  yolk; 
this  includes  perhaps  less  than  1/  200  of  the  entire  volume  of  the  egg  yolk.  There 
are  furthermore  five  to  ton  quite  f  bin  strata  or  layers  of  white  yolk  between  the 
central  white  yolk  core  and  the  periphery  of  the  ovum;  it  is  uncertain  what  pro- 
portion of  the  tolal  volume  of  the  egg  is  included  within  these  strata,  but  prob- 
ably it  is  as  much  as  3  or  4  per  cent.  It  is  clear  therefore  that  the  "yellow  yolk" 
of  our  analyses  is  probably  contaminated  by  about  5  per  cent  of  white  yolk 
The  differences  between  the  two  forms  of  yolk  are  therefore  somewhat  greater 
than  our  analyses  indicate.  The  eggs  of  Whiti^  Wyandotte  and  Barred  Ply- 
mouth Rocks  were  used. 
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TABLE  1 

feretMiofe  eomjiatition  of  jb.'(  of  f->el  a»d  pifri^^ 

Vtll<Tw  jolk  of  enmmoQ  fowl 


I.     I    111 


From  orary* 10  075 

M  eomxted B.7I8 

First    of   iccoiid  ! 

OTsry '  15  «5 

Second   of   third 

ovary |  8,520 

Prom  oviduct..  16  20 

From  oviduct '  12  S22 

L«id  egK  +  4S  hours.,  17  67 


i    26  51 

'30.59l!  *-    I   • 
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18.4t«.83t31.73t     ♦—     ■   ■«—  47  17 

,  21  9047  26  '29  10  ;  0  56  '  1.19  45  3S 

.  19  1551  8S  27  23  I  Om     0  83  46  99 

j  20  7049  40   2S  77  |  0  62  '  0.53  47  80 


White  yolk  of 


fowl 


,  From  ov«,  4.5  to  6.5  ■ 


1h      I  From  (93)  o 


12.66.42.^  35.15 
II  00|23-ll  [44. 44 


6.03 

12.88 


Yellow  yolk  of  jungle  (owl 


Yellow  yolk  of 

ommo 

0  pigeon 
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Firat     +  H  hours. 

38S5 

20.54 

69.80 

30.20t 

^ 

«— 

55  16 

761 

Second +  2    hours.. 

3930 

20.75 

W.66 

31.31 

,S4  7S 
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First      +5     hours.. 

3  272 

21.6; 

>7.65 

32.35 

57  17 

SS7 

Second  +  5    hours,. 
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193; 

i7.30 

32-70 

56  50 

1101 

Second  +  3    hours. 

2813 

20  15 

67.55 

32  45 

200 

2. II 
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TABLE  I 

Moittwre  determinoHont  (by  drying  at  lOO'C.  artd  cooling  ootr  H^OO  of  »»rit»  of 
ovarian  tggt 
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ao 
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W<icht 
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14.9747 

47.97 
47.21 

12.295 
15.405t 

lost 
45.43 

8,520' 
12.499 

47.17 
45.40 

4.29(J47.72 
8.SS4  45-29 

5.076 

45.72 

1,514 

48.48 

•This 
tThis 


'  analysis  "Z"  ot  table  2. 
=  analysis  "Y"  of  table  2. 


Before  considering  the  remaining  sections  of  table  2  the  moisture 
determinations  on  two  series  of  ovarian  eggs  may  be  noted  in  table  3. 
It  will  be  observed  that  those  data  confirm  the  statements  made  above 
on  the  smaller  water  content  of  ovarian  eggs.  They  reflect  an  additional 
point,  namely,  that  ova  of  4  grams  and  less  show  an  increase  in  mois- 
ture due  to  the  relatively  high  proportion  of  white  yolk  in  these  eggs. 
In  the  following  section  it  will  become  clear  that  this  white  yolk  has 
a  very  high  moisture  value — equal  to  that  of  egg-albumen. 

White  yolk  of  the  common  fowl.  The  two  analyses  of  white  yolk  give 
figures  (table  2)  which  strongly  contrast  with  the  above  figures  for 
yellow  yolk.  One  of  the  analyses  (R)  presents  a  less  striking  contrast 
than  does  the  other  (48).  We  believe  this  to  be  due,  in  part  at  least, 
to  the  fact  that  some  ova  of  6.5  mm.  diameter  were  used  in  the  prepara- 
tion of  this  sample,  and  that  such  ova  really  contained  some  yellow 
yolk.  It  will  be  noted  that  all  of  the  fractions  from  this  analysis  are 
intermediate  in  amount  to  the  corresponding  fraction  of  yellow  yolk 
on  the  one  hand,  and  to  those  of  the  less  questionable  sample  of  white 
yolk  on  the  other. 

It  will  be  noted  that  the  composition  of  white  yolk  is  by  no  means 
80  far  removed  from  that  of  embryonic  tissues  as  is  that  of  the  yellow 
yolk.  The  white  contains  but  half  of  the  neutral  fats  and  phospha-  ' 
tides  found  in  the  yellow.  Protein,  extractives,  and  ash  are  much 
more  abundant  in  the  white  yolk.  The  ratio  of  water  to  solids  in 
the  two  forms  shows  an  even  greater  contrast;  for  the  yellow  this  ratio 
i.'i,  45  :55;  for  the  white  it  is,  89  :  U. 

Yelhw  yolk  of  the  Jungle  fowl.  The  Jungle  fowl  is  usually  considered 
the  ancestor,  or  one  of  the  ancestors,  of  the  many  breeds  of  domestic 
fowl.     Our  two  analyses  of  yolks  from  Jungle  fowl  eggs  show  that  in 
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these  yolks  the  moisture  value  is  wholly  Bimllar  to  that  of  "fresh"  eggs 
from  various  breeds  of  the  common  fowl.  The  amount  of  alcohol- 
soluble  materials  would  seem  however  to  be  perceptibly  less;  the  amount 
of  protein  appreciably  greater. 

Yellou}  yolk  of  the  common  -pigeon.  The  five  analyses  here  reported 
demonstrate  a  strikiDg  difference  in  the  moisture  values  of  the  egg 
yolk  of  the  fowl  and  the  pigeon.     This  amount  is  nearly  10  per  cent 


TABLE! 

Averaoet,  or  moit  rtXiable  pereenlages,  of  form*  of  egg 

volk 

ir*nru<wtauc 

«««^-« 

,™ 

(■(■•- 

iren- 

lUl. 

ss 

'E- 

^ 

Undiluted  Tolk] 
of    common^ 
fowl  Cyellow)J 

Undiluted  yolk] 
of    common 
fowl  (white) 

"Frwh"t  yolk 
of  Jungle 
fowl  (yellow) 

"Freeh"t  rolkl 
of    coouDon 
pigeon 
tyellow) 

PercentofaolidB* 
Per    cent    moist 
weight 

Per  cent  of  tolids 
Per    cent    moist 
weight 

PercentofaolidB 
Per   eent    moist 
weight 

Per  cent  of  eoUds 
Per    cent    moist 
weight 

45.40 
88.66 
«.7I 
55.56 

20.58 
11.15 
10.91 
1.13 
10.90 
10.21 

20.50 
9.11 

«.51 
25.25 
23.11 
2.39 
46.70 
23.96 

47.00: 
20.81} 

28.36 
15.04 
44  44 

4.60 
29.78 
15.27 

29.001 
12.89t 

(0.70) 
(0.36) 
(3.88) 
CO.  40) 
2.03 
1.04 

2.00 
0.89 

(0-85) 
(0-44) 
(6.031 
(0.62) 
1.60 
0,82 

2  11 
O.M 

*  Only  in  the  figure  for  w«ter  are  the  "fiesh-lsid"  eggs  excluded  from  tbr 
vnngta. 

t  I.e.)  yolk  taken  from  an  egg  within  a  few  hovis  after  Ibc  egg  was  laid. 

1  These  figures  known  to  be  approiinuttelv  correct  partly  from  dsta  nol  in* 
Olnded  in  table  2. 

greater  in  the  latter.  The  ralk  of  the  common  pigeon  contains,  more- 
over, a  smaller  percentage  of  water  than  has  been  found  in  most  other 
species  of  pigeons  and  do^~es.  It  is  therefm^  certain  that  two  quite 
different  moisture  Talite«!  characteriie  the  egjgs  ot  the  GalUnae  and  the 
Columbintu.* 

e  speeies  of  GoUiiMe  support  ibis  cob- 
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The  data  warrant  the  further  conclusion  that  the  e^  yolk  of  the 
pigeon  contains  less  alcohol-soluble  material,  and  more  protein,  than 
does  the  yolk  of  the  common  fowl.  These  figures  for  the  pigeon  more 
nearly  approach  those  obtained  for  the  Jungle  fowl. 

Averages  aiid  moat  reliable  determinationa.  We  beUeve  that  the  most 
accurate  account  of  the  percentage  composition  of  the  various  forms 
of  yolk — as  analyzed  by  us — cannot  in  all  cases  be  obtained  from  the 
average  of  the  several  determinations.  The  variation  of  moisture  due 
to  the  length  of  time  the  yoik  has  been  in  contact  with  albumen,  and 
the  probable  contamination  with  traces  of  yellow  yolk  of  one  of  the 
white  yolk  samples,  are  examples  of  probable  inaccuracies  that  may  be 
introduced  by  the  'average.' 

In  order  to  present  what  we  believe'to  be  the  most  reliable  figures 
obtained  for  the  various  forms  of  yolk  table  4  has  been  constructed. 
We  there  give  also  the  percentages  calculated  in  terms  of  moist.weights 
in  order  to  facilitate  a  comparison  of  our  results  with  those  of  others 
who  have  presented  ^ures  based  upon  moist  weight  only.  The  siun- 
mary  form  of  this  table  will  further  assist  the  reader  in  making  a  general 
comparison  of  the  gross  chemical  composition  of  the  two  kinds  of 
yolk,  and  of  yellow  yolk  from  the  three  different  sources. 

CONCLUSIONS 

The  moisture  values  found  when  "fresh"  laid  eggs  are  taken  for  analy- 
sis are  always  too  high.  The  yolk  of  the  bird's  egg  begins  to  take  up 
water  from  the  albumen  as  soon  as  it  leaves  the  ovary  and  enters  the 
oviduct. 

The  ovarian  ^g  (yellow  yolk)  of  the  fowl  contains  little  more  than 
45  per  cent  of  water.  The  solids  of  the  fowl's  ^jg  contiuus  20,6  per 
cent  of  phosphatides,  49.5  per  cent  neutral  fat,  and  28.4  per  cent 
protein. 

The  white  yolk  markedly  differs  from  the  yellow  yolk  in  all  of  the 
six  fractions  studied.  It  is  much  less  like  "yolk"  and  much  more  like 
embryonic  tissue  in  its  composition.  The  ^g-nucleus,  the  blasto- 
derm and  the  embryo  are,  at  all  stages,  in  immediate  contact  with  the 
white  yolk — not  with  the  yellow  yolk.  It  is  clear  therefore  that  the 
medium  with  which  these  living  elements  are  immersed  is  not  radically 
different  in  gross  composition  from  the  living  elements  themselves. 

The  e^  yolk  (yellow  yolk)  of  the  Jungle  fowl  has  probably  a  lower 
lipoid,  and  a  higher  protein  content,  than  the  yolk  of  domestic  fowls. 
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The  water  content  is  probably  equivalent  in  the  (supposed)  ancestnU 
and  derived  forms. 

The  egg  yolk  (yellow  yolk)  of  the  pigeon  differs  most  from  that  of 
the  fowl  in  its  much  higher  moisture  value.  Probably  differences  in 
the  amount  of  alcohol-soluble  and  protein  materials  also  exist. 

The  yellow  yolk  derived  from  different  orders,  genera  and  species 
of  birds  probably  varies  more  in  the  amount  of  water  than  in  other 
fractions.  But  the  yellow  yolk  from  birds  of  different  orders  is  relatively 
much  alike  as  compared  with  the  yellow  and  white  yolk  from  the  same 
individual  bird. 

The  extreme  divergence  in  composition  of  these  two  forms  of  yolk— 
as  deposited  in  the  same  cell  of  the  individual  bird — is  definitely  asso- 
ciated with  two  strikingly  different  grades  of  metabolism  within  the 
cell.  The  yellow  yolk,  with  its  very  low  water  value,  is  produced 
when  the  storage  powers  of  the  cell  are  extremely  high;  the  white  yolk— 
with  a  water  value  higher  than,  or  equivalent  to,  that  of  milk — is  pro- 
duced when  the  storage  processes  of  the  cell  are  much  reduced. 
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In  Liebermaim's  (1)  very  extensive  study  of  the  metabolism  of  the 
fowl's  egg  the  entire  extra-embryonic  contents  of  the  ^g  were  com- 
bined and  analyzed  tc^ther.  No  attempt  was  made  to  follow  the 
changes  in  the  yolk  apart  from  the  albumen  and  the  fluids  of  the  amnion 
and  the  allantois.  I^ter  work  has  not  supplied  such  data.  The  yolk 
and  the  albumen  are  wholly  unlike  substances,  produced  in  different 
organs;  the  allantois  presents  during  development  increasing  accumu- 
lations of  the  non-gaseous  end-products  of  metabolism;  and  the  am- 
niotic fluid  arises  at  the  expense  of  other  of  the  e^  contents.  It  is 
therefore  clear  that  each  of  the  groups  of  substances  runs  a  separate 
course  in  the  developing  egi^  and  that  the  picture  obtained  from  a 
study  of  all  of  them  combined  may  very  imperfectly  reflect  the  course 
of  events  in  any  one  of  the  group.  The  present  study  deals  with 
changes  in  the  yolk  during  incubation.  Our  chief  problem  was  to 
determine  the  relative  rates  at  which  the  various  constituents  of  yolk 
are  removed  and  utilized  by  the  embryo. 

Such  a  study  requires  the  isolation  and  chemical  analysis  of  the 
yolks  of  eggs  subjected  to  various  periods  of  incubation.  The  clean 
and  perfect  isolation  of  yolk  samples  from  the  incubating  egg  offers 
a  number  of  difficulties,  some  of  which  it  is  necessary  to  describe.  (1) 
At  all  stages  the  presence  of  a  certain  amount  of  living  tissue — the 
yolk-sacs — offers  a  compUcation.  It  would  be  difficult  to  obtain  all 
adhering  traces  of  yolk  from  the  yolk-sac,  and  since  considerable 
quantities  of  yolk  are  met  with  in  large  intracellular  spaces  (intra- 
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cellular  yolk)  of  the  aac  it  seenis  highly  desirable  to  analyze  the  yolk- 
sacs  along  with  the  unabsorbed  yolk  of  the  various  stages  of  incubatioD. 
But  this  combination  of  Uving  tissue  with  unmetaboUzed  yolk-reai- 
dues  requires  additional  and  separate  analyses  of  the  yolk-sac  tissues 
of  the  various  stages  being  studied,  in  order  that  one  may  know  how 
much  and  in  what  direction  the  presence  of  this  tissue  affects  the  figures 
obtained  for  the  yolk  analyses.  (2)  The  yolk-sac  completely  encloses 
the  yolk  on  the  twelfth  day  of  incubation.  Previous  to  this  st^e  the 
vitellihe  membrane  at  the  lower  i>ole  of  the  e^  is  so  fragile  as  to  make 
the  separation  from  albumen  an  uncertain  and  difficult  task.  We  have 
therefore  confined  our  study  to  periods  beginning  with  the  twelfth 
day.  (3)  Even  after  completely  covering  the  yolk  the  yolk-sac  conr 
tinues  to  grow.  During  this  same  period  the  amount  of  yolk  rapidly 
diminiahes.  The  relative  proportions  of  these  two  materials  there- 
fore steadily  changes  during  incubation.  (4)  More  or  less  solid  and 
viscous  bodies  were  found  in  a  fraction  of  the  yolk-sacs  of  very  late 
stages  of  incubation.  Such  bodies  are  surrounded  by  a  much  more 
fluid  yolk.  The  presence  of  one  or  more  of  these  bodies  in  an  analysis 
of  yolk-sacs  plus  their  undigested  residues  will  very  considerably  in- 
fluence the  results;  for,  two  such  bodies  separately  analyzed  (41  and 
35  of  table)  differ  quite  markedly  from  all  other  forms  of  yolk  at  a 
corresponding  stage  of  incubation.  We  are  not  sure  that  such  bodies 
■  were  absent  from  all  of  the  analyses  of  yolk-residues  of  intact  yolk-sacs. 
The  methods  of  analysis  were  those  of  the  preceding  paper  of  this 
series  of  studies  (2).  A  full  description  of  the  methods  has  been  given 
by  Koch  (3).  The  phosphorus  of  all  of  the  analyses  was  calculated 
as  lecithin  (phosphatides). 

THE  TOLK-SAC  AND  IIS  CHEHIC&L  COMPOSITION 

The  yolk-sac  of  the  chick  is  a  highly  vascular,  glandular,  entoder- 
mal  (splanchnopleure)  membrane  which  by  the  twelfth  day  of  incu- 
bation has  completely  surrounded  the  yolk;  it  has  also  separated  with 
approximate  completeness  the  yolk  from  the  remnant  of  egg  albiunen. 
The  twelve  day  stage  was  for  this  reason  selected  as  the  first  stage  for 
chemical  study.  Fully  formed  membranes  and  clean  samples  of  the 
contained  yolks  may  both  be  obtained  at  this  period.  The  yolk-esc 
with  its  residue  of  yolk  is  stated  by  Virchow  (4)  and  others  to  be  drawn 
within  the  body  of  the  chick  usually  on  the  nineteenth  day  of  incu- 
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bation,  but  to  reach  its  highest  development  a  httle  later,'  and  to 
maintain  its  highest  development  to  at  least  a  day  or  two  after  hatch- 
ing. Yolk-sacs  of  the  nineteen  day  stage  were  therefore  selected  as 
the  second  or  later  stage  for  study.  In  collecting  the  samples,  however, 
it  was  observed  that  the  yolk-sacs  sometimes  remained  outside  of 
live  embryos  of  even  twenty-one  days  of  incubation;  a  few  samples 
of  twenty  and  twenty-one  day  stages  were  therefore  also  collected' 
and  analysed. 

From  the  preceding  statement  it  is  evident  that  there  is  no  reason 
for  identifying  any  one  of  these  stages  of  the  yolk-sac  with  greater  or 
less  activity  than  another  stage.'  In  accord  with  the  inference  that 
the  two  stages  are  functional  equivalents,  the  analytical  data  from 
the  samples  of  twelve  and  nineteen  day  membranes  (45  and  32  of  com- 
posite table)  are  rather  closely  similar.  The  twenty-one  day  prepara- 
tion (F)  was  much  smaller  than  the  preceding,  and  unlike  those  sam- 
ples was  not  freed  from  "intra-cellular"  yolk.  For  these  reasons  it 
is  improbable  that  the  apparent  divergence  in  the  composition  of  this 
stage  from  earher  stages  is  real.  The  differences  are  those  to  be  ex- 
pected from  our  failure  completely  to  free  this  sample  of  yolk. 

The  three  stages  of  this  membrane  were  analyzed  not  piimarily 
for  comparison  with  each  other,  but  for  the  purpose  of  a  check  upon 
the  figures  obtained  for  the  analyses  of  the  yolk-sacs  plus  their  unas- 

■  A  compviaon  of  the  weighta  of  twelve  d&y  and  nineteen  day  yolb-eaca  whose 
combined  weighta  are  given  in  the  table  (45,  32)  plainly  ahowa  that  the  latter 
are  much  larger.  The  increase  in  siae  of  the  yolk-eac  after  the  time  of  complete 
encloBure  of  the  yolk  (twelve  days)  is  chiefly  due  to  the  extension  of  the  folds 
or  septa  of  the  inner  wall.  The  dimensionsof  the  external  boundary  of  the  yolk- 
sac  are  probably  little  changed  during  this  period. 

'  Large  numbers  of  efigs  of  white  Wyandottes  were  incubated  to  appropriate 
Otaces.  Where  volfc-eacs  free  from  their  volk  contents  w»'p  wanted  the  sacs 
were  freed  from  albumen  and  umbilical  connections  and  riD?od  rnpidly  in  physi- 
ological salt  solution  tollowed  by  dipping  in  distilled  water  and  then  removing 
the  surplus  moisture  with  filter  paper.  The  sacs  were  then  slit  entirely  open  and 
the  interior  flushed  and  cleaned  in  a  similar  way.  There  remained,  particularly 
in  the  eggs  incubated  beyond  the  twelve  day  stage,  evident  collections  of  "intra- 
cellular yolk"  within  the  walla  of  the  yolk-aac.  These  points  were  punctured 
and  all  such  visible  yolk  was  pressed  out  and  flushed  with  the  cleansing  fluids. 
Where  the  yolk-sacs  plus  the  contents  were  used  only  the  external  cleansing  was 
required.  For  the  several  samples  of  fluids  or  bodioa  taken  from  within  yolk- 
sacs  no  special  treatment  whatever  was  necessary. 

*  The  yolk-sac  is  actively  functioning  and  actively  growing  in  both  the  twelve 
and  nineteen  day  stages. 
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aimilated  residues  of  yolk.'  The  ratio  of  phosphatides  to  neutral  fat 
iD  the  yolk-sac  tissue  will  be  seen  (first  section  of  table)  to  be  somewhat 
higher  than  in  egg  yolk;  the  ratio  of  the  former  being  about  7  : 9;  of 
the  latter  2  : 5.     Nearly  75  per  cent  of  the  yotk-eac  tissue  is  protein. 

YOLK  NOT  METABOLIZED  BY  CHICS  EMBRYOS  OP  12,'  18,  20,  AND 
21  DAYS 

The  results  of  analyses  of  yolk  of  these  four  stages  are  given  in  the 
second  and  third  sections  of  the  Composite  Table.  A  yolk  of  twelve 
days  incubation  (26)  shows  that  the  proportions  of  lecithin,  neutral 
fat  and  protein  remain  practically  as  they  were  in  the  fresh  yolk.  The 
proportion  of  water  has  been  increased  about  9  per  cent.  The  amount 
of  these  substances  in  pure  unmodified  yolk  was  shown  by  Spohn  and 
Riddle  (2)  to  average  as  -follows:  Lecithin,  20. 5S  per  cent;  neutral 
fat,  49,51  per  cent;  protein,  28.36  per  cent;  water  45.40  per  cent.  The 
yolk  of  twelve  days  incubation  yielded  20.07  per  cent  lecithin ;  48,60 
per  cent  of  neutral  fat;  27.56  per  cent  protein;  and  54.76  per  cent  of 
water.  There  is  little  doubt  that  up  to  the  twelfth  day  of  incubation 
the  various  solids  of  the  yolk  are  removed  from  it  in  not  very  unequal 
proportions. 

Between  the  twelfth  and  eighteenth  days,  however,  the  lecithins 
and  fats  are  mobilized  to  a  greater  extent  than  the  proteins.  These 
facts  are  plainly  shown  by  analyses  G  and  H  (see  table).  Our  data 
show  further  that  during  this  period  the  proportion  of  water  has  suf- 
fered a  reduction  of  nearly  9  per  cent,  i.e.,  to  the  normal  proportion 
for  unmodified  yolk.  In  connection  with  these  data  for  twelve  day 
and  18  day  incubations  reference  may  be  made  to  a  single  analysis 
hy  Parke  (5)  of  a  yolk  incubated  for  ten  days,  and  of  another  incubated 
for  seventeen  days.  Unfortunately  Parke  fails  to  say  anything  what- 
ever of  the  preparation  of  these  samples,  and  his  extraction  certainly 
failed  to  separate  all  of  the  fat.  His  moisture  determinations,  how- 
ever, are  doubtless  of  value.     In  the  ten  day  egg  this  was  found  to  be 

*  Sin  such  analyses  are  reported  id  the  second  ecction  of  the  table.  An  exami- 
nation of  the  weights  of  theae  samples  will  show  that  the  amount  of  membraoE 
present  in  each  is  almost  negligible  for  some  of  the  determinations.  The  data 
are  so  placed  in  the  tabulation,  however,  that  the  direction  in  which  the  living 
tissue  influcncee  the  figures  for  the  entire  sample  need  in  no  case  bo  wholly  over- 
looked. Estimates  of  the  proportion  of  membrane  present  in  each  of  tbese  ao- 
alyses  arc  given  in  the  form  of  a  fraction  placed  in  parentheses  immediatelir 
underneath  the  moist  weight  of  the  several  samples. 
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Composite  table 


Yolk-eaca  (41)12-14  days 
iacubation 

Yolk-sacs  (13)  19-20  days 
incubation 

Yolk-sac*  (3)  21  days*.... 

Yolk-sac  (J.  F.)  and  con- 
tents!   12  days  iacu- 


Yolk-sacB    (3)  sod  coo- 
tents  18  days  incuba- 


Yolk-sac    and    contents 
20  days  incubation. . . . 

Yolk-sac    sod    contents 
20  days  incubation..  . 

Yolk-sacs    (3)   and   con- 
tents 21  days  incubatioi 


4.06 
3.fi4 


34.090 

(1/60) 


13,775 

(1/40) 

15.44S 

(1/40) 


B.73  J 
38  19   4 

47.26   ; 


More     liquid 
from      yolk-sac       (20 

days) 

More  liquid  *  contents 
from     yolk-sac     (20-}- 

Central  yolk  body  (Icm 
viscous)  of  20  days 
yolk-sac. 

Central  yolk-body  (quite 
viscous)  of  19  days 
yolk-sac 

Intracellular  yolk  and 
yolk-sac  at  19  days 


33.09 
30-02 
46  05 
8.71   i 


61 .88   1 
65,25  ; 

28.87   : 


71.27 
78.84 
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Compowitt  table — Continued 


)t*nnu  ornMOB 

orsuuu 

IH  FIB  CIMT  or  WX.ID* 

p!i 

I^ 

1 

111 

1 

ao 

0 

Resorbed  ovum   <from 

1.834 
1.605 

35.28 
26.21 

2.08 
3.47 

1.71 
6-78 

61 

"Extmfoll.  yolk"  (fowl). 

19.05 

45.40 

74.22 

*  Not  re&lly  freed  from  fat;  the  "intracellular"  yolk  not  preoed  out. 

t  The  figure  is  for  the  alcohol-aoluble  substance  only. 

t  This  and  followine  five  analyses  were  of  yolk-sacs  and  their  contents  entire. 

i  The  fractions  of  this  column  are  estimates  of  the  amounts  of  living  tissue 
(sac)  present. 

We  are  under  obligations  to  Miss  Adelaide  A.  Spohn  for  assistance  with  this 
aeries  of  analyses. 


10  per  cent  higher  than  in  "fresh  yolk;"  in  the  seventeen  day  e^  the 
moisture  was  reduced  nearly  13  per  cent  from  the  ten  day  level,  or 
nearly  3  per  cent  below  that  of  fresh  yolk.  In  general,  this  result 
accords  with  our  own  data  on  the  fluctuations  in  the  moisture  value 
during  this  period. 

The  data  for  the  yolk  residues  attached  to  twenty  day  embTyoe. 
show  (35,  36)  that  the  preponderant  utilization  of  lecithin  and  fat  is 
continued  to  this  stage.  The  amoiuit  of  these  substances  being  pro- 
portionately  still  further  reduced,  while  the  relative  amount  of  pro- 
tein  is  still  further  increased.  The  amount  of  water  in  this  and  the 
twenty-one  day  stages  again  unmistakably  increases.  The  relative 
amount  of  protein  in  the  twenty  day  stage  is  nearly  double  that  pres- 
ent in  fresh  yolk;  the  proportion  of  phosphatides'  is  slightly  less  than 
three-fifths  that  found  at  the  beginning  of  development;  the  relative 
amount  of  neutral  fat  present  is  a  little  more  than  three-fifths  of  the 
amount  originally  present.     In  all  (seven)  of  the  analyses  of  eighteeo 

'  Liebermann  did  not  separate  or  determine  the  phosphorus  or  phoephatidu 
in  his  analyaea;  his  figures  for  protein  apply,  as  previously  noted,  to  all  tbs 
extra-embryonic  contents  of  the  egg — not  to  the  yolk  alone;  and  the  proportion 
of  ether-floluble  substance  cannot  be  stated  or  followed,  as  we  have  done  above, 
because  the  original  weight  of  yolk-substance  alone  was  undetermined,  as  was 
also  the  amount  of  extraneous  protein  which  formed  a  part  of  his  "total  solids." 
We  are  ihcrrfore  unalite  to  use  any  of  Lieliermann'a  data  in  the  eomparisoos 
made  above. 
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to  twenty-one  day  stagee  the  phosphatides  show  a  somewhat  greater 
reduction  than  do  the  neutral  fats. 

Two  analyses  (37,  39)  of  yolk  that  could  be  poured  from  slitted 
yolk-eacs  of  twenty,  and  twenty  and  one-half  days  incubation  fully 
confirm  the  above  findings  on  the  relative  proportions  of  yolk  subtaances 
at  this  stage.  The  phosphatides  here  average  11.5  per  cent;  the  neu- 
tral fat  31.5  per  cent;  the  protein  53.5  per  cent.  The  moisture  values 
here  are  doubtless  somewhat  too  low  since  this  yolk  was  directly  ex- 
posed to  the  air  while  being  collected  from  the  sacs  and  weighed.  The 
figures  are  44.2  per  cent  and  54.2  per  cent  and  here  again  the  egg  that 
bad  gone  somewhat  beyond  the  twenty  day  stage  has  the  considerably 
higher  moisture  value. 

The  single  analysis  (E)  of  yolk  of  twenty-one  days  incubation  shows 
only  a  part  of  the  considerable  reduction  of  phosphatides  (17.6  per 
cent)  noted  in  the  immediately  preceding  st^es.  Moreover,  the  neutral 
fat  (47.3  per  cent)  is  only  slightly  less  than  that  found  in  fresh  yolks, 
and  the  amount  of  protein  (32.7  per  cent)  only  a  little  higher.  Atten- 
tion may,  however,  be  called  to  the  fact  that  the  amount  of  yolk  in 
the  yolk-sac  of  this  stage  was  quite  small  in  comparison  with  the  amount 
present  in  the  eighteen  and  twenty  day  sacs;  and  further  that  it  is 
unusual  (abnormal?)  to  find  the  yolk-sac  still  external  to  the  embryo — 
as  these  were — after  the  twentieth  day  of  incubation. 

Our  data  indicate  that  in  the  period  during  which  the  greater  part 
of  the  yolk  is  mobilized — the  twelfth  to  the  twentieth  day  of  incuba- 
tion — the  phosphatides  are  metabolized  more  rapidly  than  other  sub- 
stances. The  neutral  fats  are  utilized  more  rapidly  than  the  proteins; 
this  holds  true  for  the  eighteen  to  twenty  day  period,  in  which  the  pro- 
tein of  the  yolk  is  the  sole  source  of  protein  "for  the  embryo.*  The 
amount  of  moisture  in  the  yolk  increases  to,  or  beyond,  the  twelve 
day  stage;  between  the  twelve  and  eighteen  day  stages  it  is  decreased; 
it  is  probably  again  increased  at  or  near  the  very  end  of  yolk  absorption. 

ONUSUAL   FOUMS  OP   YOLK — AND    YOLK    METABOLIZED   IN  SITDATIONS 
OTHER   THAN    IN    YOLK   BAC8 

Reference  has  already  been  made  to  the  occasional  presence  of 
semi-solid  or  viscous  bodies  in  yolk-eacs  at  the  close  of  incubation. 

'  The  ege  albumen  which  surrounda  the  yolk  entirely  diaappeal^  at  about  tha 
aixteenth  or  seventeeDth  clay  of  JDrubation. 
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to  be  wholly  differeot  in  their  composition.  The  smaller,  leee  viscous 
Two  such  bodies  were  analyzed  (see  41  and  34  in  table)  and  proved 
body  from  a  yolk-sac  of  twenty  days  incubation,  was  practically  am- 
mal  unchanged  yolk^httle  changed  except  in  its  moisture  value  wbidi 
was  about  13  per  cent  too  low  for  yolk  of  this  stage  of  incubation,  aad 
the  lowest  thus  far  found  in  any  form  or  stage  of  yolk. 

The  larger  more  viscous  yolk-body  was  removed  from  a  yolk-eac 
of  nineteen  days  incubation.  In  its  composition  it  bears  much  Ie» 
resemblance  to  normal  yolk  than  to  the  Uving  tissue  of  the  yolk-sac. 
This  fact  becomes  quite  plain  by  reference  to  the  table.  The  moisture 
value  of  this  body  was  extraordinarily  high — 71.3  per  cent.  This 
value  exceeds  by  more  than  15  per  cent  the  moisture  of  any  other 
form  of  yolk  which  we  have  obtained  from  vnOtin  a  yolk-sac. 

The  fact  that  in  late  stages  of  incubation  we  sometimes  meet  with 
bodies  so  unhke  chemically  as  the  two  just  described  is  certainly  a 
fact  of  importance  in  any  chemical  study  of  the  yolk-residues  of  this 
period.  In  the  later  samples  collected  by  us  the  sacs  were  manipulated 
between  the  fingers  to  assure  ourselves  of  the  absence  of  these  semi- 
soUdB.     The  origin  of  these  bodies  is  quite  unknown.* 

Yolk  which  has  passed  through  the  innermost  layer  of  cells  of  the 
yolk-sac  epithelium  is  found  in  masses  of  considerable  size  at  many 
points  on  yolk-sacs  of  late  incubation  stages.  It  is  of  interest  to  know 
the  composition  of  such  quasi-mobilized  yolk.  The  single  analysis 
(33)  we  have  made  of  this  substance  indicates  that  it  is  a  highly  modi- 
fied yolk.  The  phosphatides  (8.9  per  cent)  are  not  quite  half  that  of 
normal  yolk.  Curiously,  however,  the  proportion  of  fat  is  consider- 
ably higher  (64.8  per  cent)  than  that  of  normal  yolk.  The  relative 
amount  of  protein  is  only  two  thirds  (18.8  per  cent)  that  of  fresh  yolk 
and  less  than  half  the  amount  of  protein  of  yolk-residues  of  this  stage 
of  incubation. 

Yolk  is  sometimes  formed  in  a  situation  quite  outside  of  ^gs  ait 

*  One  may  coojecture  that  those  viacoua  bodies  which  have  a  composition 
approximating  that  of  pure  yolk  were  formed  by  a  rather  prolonged  and  com- 
plete halting  bf  the  growth  of  the  egg  when  it  had  attained  a  diameter  of  per- 
haps 10  mm.  or  13  mm. ;  and  that  normal  yolk  deposition  was  lat«r  resumed  about 
this  central  modified  core  (most  of  the  eggs  used  for  this  work  were  smiuner  egva. 
and  the  birds  were  laying  by  no  means  regularly).  It  is  perhaps  conceivabU 
that  the  bodies  of  the  type  which  differs  so  radically  from  yolk,  are  piocbcd- 
oB  septa  of  the  inner  wall  of  the  yolk-sac  which  arc  later  infiltrated  with  trace* 
of  yolk;  or,  that  they  represent  the  final  clump  of  ef^-albumen  driven  int«  the 
yolk  and  partly  infiltrated  with  It. 
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was  shown  by  me  io  an  earlier  publication  (6).  Yolk  thus  formed, 
and  collected  from  free  spaces  of  capsules  which  have  liberated  ova, 
is  shown  by  a  single  analysis  (57)  given  in  the  table,  to  be  true  yolk. 
The  moisture  value  of  this  yotk  is  however  extremely  high,  namely 
74.2  per  cent.  The  slightly  lower  percentage  of  phosphatides,  fat  and 
protein  is  probably  accounted  for  by  the  abnormally  high  ash  and 
extractive  figures.  These  latter  figures  are  probably  too  high  because 
of  the  Bmallness  of  the  sample. 

In  those  cases  in  which  nearly  full  grown  ova  are  resorbed  by  the 
follicle  which  surrounds  them,  it  is  possible  to  study  in  a  totally  dif- 
ferent situation  the  relative  rates  at  which  the  constituents  of  yolk 
are  mobilized.  Only  one  analysis  of  such  yolk  has  been  made.  TTiis 
furnishes,  however,  a  very  interesting  parallel  to  the  results  obtained 
from  the  above  described  studies  on  yolk  of  the  yolk-sac.  Here  again 
(see  analysis  O  of  table)  the  phosphatides  were  removed  most  rapidly; 
the  neutral  fats  next  most  rapidly,  and  the  proteins  slowest  of  all. 
The  moisture  value  (63.2  per  cent)  here  also  is  much  increased. 

CONCLUSIONS 

Th«  composition  of  the  yolk-sac  of  the  fowl  was  determined  for  the 
twelve  and  nineteen  day  stages  of  incubation. 

A  differential  utilization  of  the  elements  of  yolk  prior  to  the  twelfth 
day  of  incubation  has  not  been  shown  to  occur. 

A  study  of  the  unmetabolized  yolk  of  twelve,  eighteen  and  twenty 
day  stages  shows  that  after  the  twelfth  day  the  phosphatides  are 
utilized  more  rapidly  than  the  neutral  fats.  And  the  neutral  fats  are 
utilized  faster  than  the  proteins.  This  order  of  utilization  of  theee 
substances  persists  during  the  eighteen  to  twenty  day  period  when 
the  embryo's  sole  source  of  protein  is  the  protein  of  the  yolk. 

The  moisture  value  of  the  yolk  undergoes  very  considerable  fluctua- 
tions during  incubation.  At  the  twelfth  day  it  is  about  9  per  cent 
h^her  than  in  fresh  undiluted  yolk.  At  the  eighteenth  day  it  has 
fallen  to  near  the  value  for  fresh  yolk.  At  the  very  end  of  incubation 
this  value  probably  rises  considerably. 

Two  forms  of  semi-soUd  yolk  bodies  which  are  occasionally  present 
in  final  stages  of  incubation  were  found  to  be  wholly  unlike  in  their 
chemical  composition. 

Yolk  resorbed  by  the  follicle  which  secreted  it  shows — like  yolk 
mobiUzed  from  the  yolk-sac — a  more  rapid  utilization  of  the  phospha- 
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tides  (lecithin);  the  neutral  f&ta  are  utilized  at  &  somewhat  bIoirt 
imte;  iriiile  the  proteins  are  metabolized  more  slowly  than  either  the 
phosphatides  or  neutral  fats. 
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The  question  of  differences  in  compositioD  of  the  initial  secretion 
of  a  gl&nd,  as  compared  with  subsequent  secretions  from  the  same 
gland,  seems  hitherto  not  to  have  been  investigated.  The  nearest 
approach  to  information  of  this  kind  concerns  the  product  of  the  mam- 
mary glands.  It  is  obvious,  however,  that  it  is  not  possible  to  study 
tho  very  first  secretion  <^  these  glands  since  they  function  to  a  greater 
or  less  extent  at  or  near  the  time  of  birth,  and  this  earliest  secretion 
is  too  small  in  amount,  as  well  as  too  involved  in  time  relations,  to 
permit  a  quantitative  analysis.  Moreover  few  if  any  of  the  glands 
of  the  mammalian  body  can  be  utilized  for  such  a  study. 

In  the  albumen-secreting  gland  of  the  bird's  oviduct,  however,  it 
is  easily  possible  to  know  when  the  gland  jirsl  secretes  albumen,  since 
this  coincides  with  the  time  of  liberation  of  the  first  ovum  from  the 
ovary  and  the  time  of  laying  of  the  first  egg.  Too,  the  amount  of  the 
secretion  is  here  sufficient  for  chemical  analysis.  The  egg-albumen 
of  the  common  pigeon  has  here  been  used  because,  as  a  matter  of 
routine,  in  our  collection  of  these  birds  we  keep  accurate  records  of 
the  date  of  laying  the  first  Qfg,  in  life. 

METHODS   OP   PREPARATION'   AND   ANALYSIS 

The  samples  of  egg-albumen  for  analysis  were  taken  from  eggs  im- 
mediately after  laying — in  one-half  hour  to  two  hours  after  laying. 
This  is  important  since  we  have  found  (No.  2  of  these  studies)  that 
the  egg-yolk  absorbs  water  from  the  albumen,  in  addition  to  the  well 
known  continuous  loss  of  water  from  the  albumen  to  the  air.     The 
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perfectly  fresh  eggs — before  any  trace  of  air  space  begins  to  form— 
are  weighed,  steamed  for  eight  minuteB,  and  the  shell  carefully  re- 
moved without  disturbing  the  shell  membrane  of  th«  egg.  This  shell 
membrane  forms  a  part  of  the  albumen  sample.  The  hardened  yolk 
is  then  removed  and  webbed  at  once.  The  weight  of  the  yolk,  plus 
that  of  the  shell  is  subtracted  from  the  original  weight  of  the  entire 
e^,  and  this  gives  the  true  weight  of  the  albumen  sample.'  Tlie 
albumen  is  preserved  at  once  in  absolute  alcohol. 

The  methods  of  analysis  are  those  described  by  Koch' — a  four-hour 
alcohol  extraction,  followed  by  a  one-hour  ether  extraction  (after 
which  the  material  is  very  finely  pulverized),  and  this  by  a  twelve- 
hour  alcohol  extraction.  The  ash  was  separately  determined  for  the 
alcohol-ether-soluble,  and  alcohol-ether-insoluble  fractions. 

EXAMINATION   OF  THE   DATA 

Thirty  samples  of  egg-albumen  were  analyzed.  These  include 
samples  obtained  from  the  first  eggs  in  life,  obtained  both  in  summer 
and  winter;*  the  immediately  next  few  eggs  from  these  same  birds  were 
analyzed,  and  after  an  interim  still  other  ei^s  were  taken  from  the 
same  birds.  For  further  comparison,  samples  were  taken  from  older 
birds — birds  that  had  previously  laid  large  numbers  of  ^gs.  These 
samples  were  likewise  taken  in  both  winter  and  summer. 

The  results  are  fully  given  in  table  1.  It  is  clear  from  an  examina- 
tion of  these  data  that  the  albumen  from  the  first  and  immediately 
succeeding  eggs  of  the  pigeon  contains  measurably  less  water,  and 
more  alcohol-ether-insoluble  substance,  than  does  the  albumen  secreted 
later  by  these  same  birds;  and  that  these  earliest  secretions  bear  a 
similar  relation  to  the  later  secretions  of  other  (older)  birds  as  well. 

The  first  five  eggs  in  life  of  9  545  show  an  average  water  content 
of  the  albumen  of  89.08  per  cent.  The  averse  of  four  of  the  later 
^gs  of  this  same  bird  (her  23d  to  26th)  was  89.61  per  cent.  The  aver- 
ages of  eggs  laid  by  other  birds  after  numerous  previous  ^gs  are: 
(9A421)4  =  89.47  per  cent,  2  =  89.93  per  cent;  (9A410)4  =  89.47, 
2  =  89.25  per  cent. 

'  Tbe  removal  of  the  shell  is  a  rather  tedious  process  and  pennita  an  evapora- 
tion of  water  which  prevents  the  direct  weighings  of  tbe  albumen. 

'Koch:  The  Jour,  of  tbe  Amer.  Chem.  Soc.,  xxxi,  no.  12,  1329. 

■Certain  differences  which  one  of  ua  (R.)  have  found  to  obtain  in  the  aiie 
of  yolks  from  summer  and  winter  eggs  (or  rather  spring  and  autumn)  led  us  to 
carry  tbe  observations  over  the  two  seasons. 
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The  slbumen  of  the  first  five  e^s  of  9511  averages  89.12  per  cent 
water.  Two  later  eggs  (her  23d  and  24th)  average  89.33  per  cent  water, 
More  significant  than  the  comparison  of  the  averages  of  the  figures 
obtained  from  these  groups  of  earliest  eggs  with  groups  laid  later  is 
the  comparison  of  the  values  obtained  for  the  individual  e^s  of  the 
twb  groups  of  earliest  eggs.  There  are  two  such  groups  { 9  'a  545, 
511)  of  five  eggs  each.  In  both  groups  the  first  pair  in  life  are  smaller 
than  the  succeeding  pair — also  the  smallest  of  the  entire  series  of 
analyses — and  in  both  groups,  too,  the  fifth  egg  in  life  has  a  h^Ehet 
moisture  value  than  either  of  the  four  previous  eggs.  Moreover,  the 
foiu*  eg^  of  the  initial  pairs  of  the  two  groups,  all  show  a  lower  moislure 
value  than  does  any  egg  laid  by  these  birds  in  their  second  period,  and 
also  lower  than  any  e^  laid  by  birds  which  had  previously  laid  numer- 
ous eggs. 

A  pair  of  eggs — first  in  life — from  a  third  female  (A  105)  gave  a 
moisture  value  for  the  albumen  of  89.27  per  cent.  This  is  a  somewhat 
higher  Value  than  that  obtained  from  the  other  first  pairs  in  life,  but 
is  again  less  than  the  average  for  any  bird  that  bad  previously  laid  e^s. 

The  differences  in  the  moisture  values  are  indeed  not  lar^,  but 
they  are  so  consistent  as  to  leave  little  doubt  of  their  reality.  Next  in 
interest,  perhaps,  to  the  fact  of  differences  in  first  and  later  secretions 
of  the  gland,  is  the  fact  of  the  smallness  of  the  difference.  If — in  the 
terms  of  another  science — a  gland  "learns"  by  doing,  it  "learns"  but 
little  and  the  initial  efi'ort  of  this  gland  is  in  many  respects  a  remark- 
able approximation  to  its  later  and  most  practiced  efforts. 

Whether  there  are  difi'erences  in  the  percentages  of  alcohol-etber- 
soluble  substance,  and  of  ash  in  the  two  fractions,  is  perhaps  not  de- 
finitely answered  by  the  data.  But  no  difi'erences  are  consistently 
indicated  by  the  figures.  The  increase  in  solids  is  found  in  the  alcohol- 
ether-insoluble  fractions. 

Neither  season  nor  the  variable  amounts  of  albumen  and  yolk  pres- 
ent in  the  various  eggs  seems  to  have  any  consistent  infiuence  on  the 
percentage  of  water  in  the  albumen. 

CONCLUSIONS 

It  has  been  possible  to  compare  the  results  of  the  very  first  function- 
ings  of  a  gland,  with  later  functionings  of  the  same  gland. 

The  albumen  secreted  by  the  pigeon's  oviducal  glands,  in  their 
initial  functionings,  is  not  the  exact  quivalent  of  albumen  secreted 
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later  by  these  glands.  The  differeDce  concerns  chiefly  the  relative 
proportions  of  water  and  solids. 

Albumen  produced  in  initial  efforts  contains  a  smaller  percentage 
of  water  and  a  higher  percentage  of  alcohol-ether-insoluble  substance. 

During  a  few,  or  several,  of  the  earher  functionings  of  the  oviducal 
glands,  there  probably  occurs  a  gradual  change  from  the  initial  lower 
percentage  of  water  to  the  later  higher  percentile  of  water. 

Partial  analyses  of  the  albumen  of  the  pigeon's  e^  are  recorded 
and  one  source  of  variation  in  the  moisture  value  of  this  albumen 
has  been  identified. 

The  amounts  of  alcohol-etber-eoluble  substance,  and  of  inorganic 
matter  probably  do  not  vary  widely  nor  consistently. 

The  amount  of  water  in  the  ^g  albumen  of  the  pigeons  studied 
shows  no  consisteat  variation  in  respect  to  summer  and  winter. 

The  earliest  secretion  of  the  albumen-secreting  gland  of  the  pigeon's 
oviduct  is,  in  several  respects,  a  rather  close  approximation  to  the 
later  products  of  the  gland. 
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STUDIES  ON  THE  PHYSIOLOGY  OF  REPRODUCTION 
IN  BIRDS 

V.  The  Effect  of  Alcohol  ok  the  Size  of  the  Yolk  of 
Pigeok's  Egg 

OSCAR  RIDDLE  un,  GARDINER  C.  BASSET 

Prtm  the  Station  for  ExperimerUal  ffffoIuJton,  Cold  Spring  Harbor, 

Long  Island,  N.  Y. 

Reeeived  for  publication  July  17,  1016 

It  is  knowni  that  normally  in  pure  species  of  doves  and  pigeons  a 
difference  in  sise  usually  exists  between  those  ova  (yolks)  which  will 
prospectively  produce  males  and  females;  the  males  more  often  arise 
from  the  smaUer,  the  females  from  the  larger  ova.  One  of  us  proposed 
to  study  the  effects  of  alcohol  and  other  anaesthetics  on  sex  develop- 
ment and  control,  and  it  seemed  advisable  to  carry  on  parallel  studies 
OQ  the  effects  of  some  of  the  anaesthetics  on  the  size  of  the  ^gs.  The 
results  here  recorded  are  those  thus  far  obtained  with  alcohol. 

These  data  show  that  the  ova  produced  with  a  certain  amount^ 
of  alcohol  regularly  present  in  the  blood  for  a  considerable  part  of  the 
day  are  smaller  than  the  ova  normally  produced  by  the  same  bird. 
This  result,  and  indeed  any  result  whatever  would,  perhaps,  have  been 
difScult  to  foretell.  The  normal  growth  of  the  yolk  (or  oviun)  during 
its  last  five  days  in  the  bird's  ovary  is  made  at  an  exceedingly  rapid 
rate — as  shown  in  number  1  of  these  studies' — and  the  materials  for 
this  growth  are  of  course  derived  from  the  blood  in  competition  with 
the  other  tissues  of  the  body.  Whether  alcohol— which  certainlj- 
modifies  the  metabolic  rate  of  the  tissues,  and  is  easily  soluble  in  the 
egg-yolk — will  in  the  sum  of  its  effects  in  the  organism  facilitate  or 
hinder  the  storage  processes  in  the  egg,  was  the  problem  of  particular 
interest  to  us.     No  data  seems  hitherto  to  have  been  obtained  liear- 

'  Riddle.  Sci.,  X.  S.,  wav,  462:  Bull.  Amer.  Acad,  of  Med.,  xv,  No.  .i.  ifn 
.^mer.  Nat.,  1916,  1,  285. 

'  Only  the  particular  dosage  used  in  these  experiments  can  now  be  considcrecl ; 
it  is  not  improbable  that  a  dosage  producing  un  apposite  effect  will  later  lie  found. 

>  Riddle:  This  Journal.  1!)16.  xli.  31^7. 
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ing  on  the  question.  Niclaux*  and  Renault  have  shown  that  alcohol 
has  a  decided  affinity  for  the  reproductive  glands,  even  of  mammals, 
where  the  proportion  of  fatty  substance  is  quite  small  as  compared 
with  .the  fimctioning  ovary  of  the  bird.  And  Stockard'  has  demon- 
strated that  alcohol  influences  the  hereditary  capacities  of  the  treated 
germs  of  mammals. 

Although  the  "alcoboliaed  germs"  from  this  series  were  smaller 
than  the  normal — thus  resembling  in  size  the  more  typical  male-pro- 
ducing ^gs — they  were  nevertheless  probably  "weaker  germs"*  than 
the  normal.  Incubation  tests  of  sev^sl  of  the  ^gs  of  females  624 
and  631  indicate  that  both  of  these  birds  produced  under  alcohol  a 
predominance  of  females.  For  the  reasons  stated  in  the  preceding 
paragraph  it  is  not  permissible  to  say  that  the  smaller  size  of  ^gs 
produced  under  alcohol  is  an  evidence  of  their  being  made  more  tike 
male-producers.  The  size  attained  by  the  ovum  undw  ateobol  is 
the  expression  of  a  new  metabc^  adjustment  between  ovum  and  oom- 
psting  somatic  tissues  under  the  influence  of  an  added  faetor.  The 
smaller  of  the  "alcoholiied"  eggs  are — as  is  the  case  among  the  nor- 
mal ones — probably  prospectively  more  masculine  than  the  largn 
"alocdiolised"  eggs.  But  siae  ctnuparistHis  cannot  be  made  direetly 
from  an  aloohdiied  series  to  an  unaleohiriised  series,  since  the  plases 
or  levels  <A  body  metabolism  under  which  they  were  [»odueed  were 
probably  quite  different. 

MXTHODS  AND   DOBAOE 

The  alcohol  was  given  by  inhalation.'  The  birds  were  placed  in 
a  glass  box  of  6  cubic  feet  capacity;  this  box  afforded  slight  ventilation 
about  the  edges  of  the  sloping  Ud  or  top  (forming  upper  part  of  side 
as  well  as  top),  and  had  a  |  inch  opening  at  either  end  on  a  level  wHh 
the  floor.  About  2}  square  feet  of  alcohol-pan  surface  was  exposed. 
Tbe  amount  of  surface  available  for  the  evaporation  of  alcohol  (95 
per  cent)  into  the  air  of  the  tank  was  further  much  increased  by  the 
use  of  large  amounts  of  cotton-batting  projecting  above  the  surface 
of  the  alcohol.    In  a  preliminary  trial  the  group  of  birds  to  be  t«it^ 

*NicUux:  L'obfltetriqup,  ISbO,  Tm.  sv. 

•  See  note  7. 

*  This  fart  wms  Mtablishrd  by  other  studies  on  the  eggs  of  this  "alcohol  series" 
which  were  iacubated,  instead  of  opened  for  the  measuicment  of  the  yolks. 

'  This  method  has  been  described  by  Stoekard.  Arch.  Int.  Med.,OrtobFr 
1912.  Wld  Arch.  f.  Kntwmwh.,   1912.  SXTV.  S. 
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was  left  in  the  tank  without  alcohol  for  more  than  five  hours  without 
showing  any  discomfort;  with  alcohol  in  the  tank  locomotion  became 
quite  unsteady  or  impossible  in  two  to  three  hours.  The  period  of 
alooboUsation  lasted  usually  one,  one  and  one-half  to  two  hours.  With 
the  exception  of  March  22,  March  28  to  April  2,  April  7  and  May  17 
they  were  dosed  daily.  '  Four  of  the  birds  were  treated  for  four  months; 
three  for  only  two  months. 

The  females  of  various  kinds  of  doves  and  pigeons  were  selected 
for  the  test — two  common  pigeons  (C  Uvia  dom.)  two  blond  Ring  doves 
{St.  riaoria)  and  three  hybrids.  The  weights  of  the  yolks  produced 
by  these  birds  immediately  preceding  alcoholization  had  been  learned. 
Eggs  laid  during  the  alcoholization  were  steamed  (as  were  the  earlier 
ones)  for  eight  minutes  to  harden  the  yolks  which  wne  then  removed 
and  weighed.  A  considerable  number  of  eggs  produced  during  this 
period  were  tested  for  fertiUty,  longevity  and  sex  and  will  not  be  fur- 
\hfft  treated  here.  The  yolks  of  several  ^gs,  laid  after  the  period  of 
alooholixation  was  over,  were  taken  from  each  of  the  treated  fMaales 
and  their  weights  ascertained. 

DiaCDSSION   OF  THE  DATA 

The  weights  were  taken  of  114  yolks.  Of  these,  3L  are  from  the 
pre-alcohoUsation,  45  from  the  alcoholisation,  and  38  from  the  post- 
.  alcoholization  period.  Tlie  results  are  presented  in  table  I.  It  will 
be  seen  that  six  of  the  seven  alcobolised  birds  show  a  very  notable 
decrease  in  size  of  yolks  produced  under  alcoholisation.  The  seventh 
(no.  384)  showed  a  very  slight  increase  in  size.  Ilus  bird  was  one  of 
three  alcoholized  for  the  shorter  period — only  two  months.  In  six 
cases  also  the  yolks  of  the  posValcoboUzation  period  were  notably 
smaller  than  those  of  the  pre-alcohoUiation  period.*  In  the  single 
exception  (no.  242)  the  difference  between  the  two  is  sligfat.  When 
a  further  fact*  is  taken  into  consideration,  namely  that  during  the 
progress  of  the  season,  i.e.,  during  the  alcoholization  and  post-alcoholi- 
zation periods— the  y<Jks  of  untreated  birds  normally  become  iarger, 
the  significance  of  the  figures  given  in  table  1  cannot  be  questioned. 

*  The  ovB  were  exposed  to  the  effect  of  the  alcohol  while  they  wen  in  their 
period  of  alow  growth  (aee  no.  1  of  this  aeriee  of  papers),  but  aot  dnriag  the  final 
period  of  four  to  five  days  of  rapid  growth  as  were  those  of  the  aloofcoliiatioii 

■  See  literature  cited  under  note  1.  The  weighl^  of  Ihe  treated  bird*  did  not 
decrease  during  the  alcoholiiation  period. 
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TABLE  I 

Effect  of  alcohol  (March  17  to  Jidy  17, 
V242.     Hybrid* 


Average 
Average 

Average 

Average 
A»-Brage 

A\-¥rage 
Arerage 


of  4  eggs,  January 
of  4  eggs,  AprH 
of  8  eggs,  May 

of  4  eggs  January 
of  4  eggs,  March 
of  8  eRgs.  May 

of  3  eggs,  January 
of  4  eggs.  March 
of  5  eggs.  July 

of  4  eggs,  January 
of  10  eggs.  March 
of  11  eggs.  July 


of  4  eggs.  January 
of  5  eggs  March 


4  to  February  IS, 
7  to  May  8, 

18  to  December  19, 
9290.    Hybrid* 

13  to  February  12, 

17  to  May  5, 
23  to  September  15, 
9624.  Blond  Rii^ 
12  to  March  14, 
31  to  April  13, 
21  to  November  2, 

9631.  Blond  ring 
28  to  March  II, 
30  to  July  17, 

23  to  December  29, 
9&46.    Common  pigi 

18  to  March  11, 
20  to  July 


before  alcohol  period. . 
during  alcohol  period . . 
after     alcohol  period. . 

before  alcohol  period, 
during  alcohol  period . . 
after    alcohol  period. . 

before  alcohol  period . . 
during  alcohol  period. . 
after     alcohol  period.. 

before  alcohol  period. . 
during  alcohol  period. . 
after     alcohol  period.. 


before  alcohol  period. . 
daring  alcohol  period . . 
of  3  eggs.  September  23  to  November  26,  after    alcohol  period . . 
02^.     ComUHHi  Pigeon 
1  to  March        II.  before  alcohol  period. . 
1  to  July  4.  during  alcohol  period. . 

9.  after      alcohol  period . . 


.\\-rrace  of  6  eggs.  February 
.Vvrrage  of  10  eggv.  March 
.V*->r>r»ge  of  1  cgj.    AupL«i 


9SM.    Hybridt 
-Xverage  of  4  eggs.  F<-I>ru:iry    U1  tu  March  3,  before  alcohol  period. . 

.Vtrrage  of  S  cgjEs,  March  21  to  May  IS,  during  alcohol  period. . 

.VxvragV'  itf  2e(QC$.  July  9  tt>  July  II.  after     aleobol  period. . 

*  .Ucx^hol  di^wuitiioi  May  ■«.  1914. 

•  Mci*.»l  d.x^'MUv.m-.)  Ma.v  IT.  1914- 


1-921 

t-7U 


2.225 
t  ito 
2.072 


4.003 
5.J09 
2.603 


1-343 
I.SS8 
1  143 


IXINCLI-SIOXS 

W!«H»  a'ui'l'.iM  is  s*^"*'"  l^y  ii'.halstioa  for  one  to  two  hours  daily, 
it!;'.;-.);  A  (k'ruvl  t>f  i;H«:'.;hs.  to  do\'vs  iir.d  pigpons  ti>e  yoUa  produced 
•\  ;!-.i\s*'  liir\»s  Uwv,;s(>  s:v.,-i'.'.<T  ;h,-i::  ii-.:rl;:p  th^  pi«-^cotMdiiation  period. 
l";-.'ji  >i<vTrw*>  tw.ir¥  ov»>:i  d'.;r;r,j!  ;ho  A'stA^-n  when  the  ytdks  of  uotreat^ 
■•.r\l>  s'.vir:; ■.,-*; ".v  |::\>«   i.inct-r  ih.-t:;  ;r,  ihe  earlier  pmod. 

\o"i,s  j»r(v;;;,\\i  »;;::■,•- 1:  a  ;V«  *\xk^  iT  "-.vir.ths  mfl«r  the  alccAoliza- 
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It  cannot  be  inferred  that  the  reduction  in  yolk  size  whic)i  occurs 
under  alcoholization  renders  these  e^B  more  like  the  smaller  e^s  of 
the  untreated  doves  in  their  developmental  capacities.  Size  of  yolks 
in  the  two  groups  is  not  directly  comparable  on  this  basis,  since  the 
alcohol  introduces  an  important  added  factor.  The  evidence  at  hand 
indicates  that  though  the  alcohoUzed  yolks  are  reduced  in  size,  they 
are  developmentally  more  like  the  latter  normal  eggs,  than  they  are 
like  the  smaller  normal  eggs. 
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STUDIES  ON  THE  PHYSIOLOGY  OF  REPRODUCTION 
IN  BIRDS 

VI.    Sexual  Differences  in  the  Fat  and  Puosphorcs 
Content  of  the  Blood  of  Fowls 

JOHN  V.   LAWRENCE  and  OSCAR  RIDDLE 

P^om  the  Station  for  Experimental  Bvolution,  Cold  Spring  Harbor, 

Long  Island,  N.  Y. 

Received  for  publication  July  17,  1B16 

In  earlier  studies  on  metabolic  difiFerences  between  the  male-  and 
female-producing  eggs  (yolks)  of  pigeons,  it  is  shown  by  one  of  us 
(I,  2,  3,  and  much  unpublished  data),  that  maleness  and  female- 
ness  in  this  earliest  stage  of  the  oi^anism  differ  quantitatively  in  their 
capacity  to  store  material  within  themselves.  The  substances  which 
are  there  elaborated  and  stored — to  a  degme  unusal  in  most  tissue 
cells — are  chiefly  fat  and  phosphatides.  The  question  naturally  arises 
as  to  the  continuance  of  this  original  distinction  between  egf^  of  pros- 
pectively different  sex-value  into  embryonic  and  adult  stages.  Do 
similar  metabolic  differences  characterize  the  adults  of  the  two  sexes? 
Several  studies  have  been  undertaken  in  an  effort  to  answer  these 
questions.  In  the  present  paper  we  present  the  results  of  a  first  in- 
quiry into  the  amount  of  fat  and  phosphorus  in  the  blood,  in  relation 
to  sex  and  sexual  activity,  in  the  common  fowl. 

At  this  point  it  may  be  stated  that  the  following  data  demonstrate 
that  the  blood-plasma  of  female  fowls — in  both  their  laying  and  non- 
laying  periods — contains  more  alcohol-ether-eoluble  substance,  and 
more  phosphorus,  than  does  the  plasma  of  the  male;  and  that  these 
substances  are  more  abundant  in  sexually  functioning  females  than  in 
owls  with  inactive  ovaries. 

METHODS  of  PREPARATION  AND  ANALYSIS 

The  blood  was  drawn  from  the  jugular  vein  through  a  paraGfined 
cannula  into  a  paraffined  beaker;  the  bird  having  been  previously  given 
an  injection  of  2  to  2.5  cc.  of  a  0.1  per  cent  hirudin  solijtion  (in  NaCI  + 
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oxalate  Bolution).  Only  local  anaeeUieeia  by  oocaine  was  used,  and 
this  waa  used  sparingly.  The  collected  blood  was  centrifuged  2300 
rerolutioDB  per  minute  for  ton  minutes,  io  50  cc.  haematocrits;  the 
volume  of  corpuscles  was  recorded,  and  the  available  plasma  decanted 
into  a  weif^iing  tube,  and  thence  to  a  porcelain  evaporating  di^. 
The  samples  were  then  placed  fw  9-24  hours — according  to  sise  of 
sample — at  85°  in  s  drying  oven  to  make  them  britUe,  and  to  reduce 
to  a  volume  convenient  for  an  extraction  cup.' 

The  crushed  sample  was  at  once  extracted  for  four  hours  with  alco- 
hol in  a  Koch  extraction  apparatus;  then  for  one  hour,  with  ether, 
aftw  which  the  sample  was  removed,  pulverized,  and  returned  for 
a  twelve  hour  extraction  with  alcohol.  The  phosphorus  was  deter- 
mined by  the  Neumann-Pemberton  method  on  both  the  alcohol- 
soluble  and  inaoluUe  fractions  of  the  plasma.  The  figures  for  pfaos- 
I^Mmis  are  given  in  terms  of  lecithin  (pho^hatides) ;  this  is  done  here 
putly  because  it  facilitates  a  comparison  with  the  phosphorus  deter- 
minations on  the  several  kinds  of  tissue  being  studied  by  us,  in  which 
the  phoei^orus  is  uniformly  so  expreased.  The  methods  of  analysis 
throughout  are  also  the  same  as  those  used  in  the  analysis  of  oUier 
tissues  reported  upon  in  this  series  of  papers. 

Two  samples  used  for  preliminary  total  phosphorus  determinations, 
and  referred  to  in  the  text  only,  are  of  unseparated  plasma  and  cor- 
puscles to  which  sodium  oxalate  was  added  in  the  collection  of  the 
sample. 

T%e  ^^-laying  history  (for  one  or  more  years)  of  the  birds  used 
was  known  from  their  trap-nest  records.  The  ovary  of  every  female 
killed  was  also  examined  to  make  certain  the  distinction  between  the 
laying  and  non-laying  fowls.  In  every  case  the  findings  in  the  ovary 
and  the  trap-neet  records  are  in  t^reement. 

PKESENTATION  OF  DATA 

In  table  1  are  given  the  results  of  the  analyses  of  the  plasma  of  the 
lurds  of  the  three  groups — males,  non-laying  females,  and  of  females 
known  to  be  producing  and  lajring  eggs.  It  will  be  seen  that  the 
unount  of  alcohol-soluble  substance  and  phosphorus  is  lowest  in  the 
males,  clearly  higher  in  the  non-laying  females,  and  very  much  higher 
in  the  laying  females.    The  relative  amounts  of  phosphorus  in  the 

>  Some  oxidation  of  UDsaturAtctl  falty  acids  douhtlew  occurred  during  this 
period  of  drying. 
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three  groups  is  expressed  by  the  figures,  100  :  115  :  205.  The  alcohol- 
soluble  materials  are  similarly  expressed  by  the  figures  100  :  116  :  181. 
It  is  clear  that  the  proportion  qf  alcohol-soluble  substance,  and  total 
phosphorua,  in  the  plasma  of  these  three  groups,  mark  them  off  as 
natural  groups.  The  numbers  are  not  large,  but  the  differences  are 
pronounced  and  practically  conclusive.  Only  one  of  the  figures  with- 
id  an>  group  over-laps  any  figure  in  either  of  the  other  groups.  This 
is  for  the  phosphorus  content  of  the  plasma  of  a  male,  and  is  still  far 
below  the  amounts  of  phosphorus  found  in  any  of  the  actively  func- 
tioning females. 

Further  e\'idencc  that  the  non-laying  condition  is  accompanied 
by  low  fat  and  phosphorus  content  of  blood,  as  compared  with  the 
active  e^-laying  condition  is  to  be  had  from  two  sources:  (a)  TTie 
third  analjmis  (April  11,  table  1)  in  the  section  for  laying  fowls  was  of 
a  sample  obtained  from  the  bird  having  by  far  the  poorest  ^g-laying 
record  of  any  of  the  five  of  the  series.  Her  blood  proved  to  be  markedly 
poorer  in  fat  and  phosphorus  than  the  others  of  the  series,  and  yet 
clearly  richer  in  these  substances  than  anj-  of  the  fowls  which  were 
la>'in|t  no  ^1^  whate^-er.  (b)  Tbe  results  of  two  preliminary  phos- 
phorus determinalious  on  two  samples  of  blood  (plasma  +  corpuscles) 
of  non-laying  females  supply  additional  confirmations  of  this  relation. 
The  figures  obtained  were  6.50  per  rent  and  7.23  per  cent  phosphatids* 
^calculated  as  lecithin^:  since  then  are  considerable  amounts  of  both 
phiiEi[khonts*  and  alcohol-soluble  substance  in  the  corpuscles  of  birds, 
and  sinn>  the  latter  make  up  only  about  ooe-third  to  one-fourth  of 
the  total  volume  of  the^  blood  samples  it  is  clear  that  the  results  of 
tht'Gv  two  detenuinalii^ns  confirm  those  made  <Hi  the  plasma  alone. 

SutKoioitt  .-tddilional  tUta  are  includtnl  in  table  1  to  show  that  neither 
afn>  v^'ithiu  thf  liitiil^  u:A'd^.  nttr  siie.  nor  breed  of  bird,  is  responsible 
fiT  either  of  (he  three  oI*«t\-\>1  levvL>  at  which  fat  and  f^osphorus 
c\isi  in  !ho  (>\iixi-[>"..t«na.  The  ar.KiuEt  of  pbeana  used  in  each  analy- 
-■*-,  .-uid  th^>  )>i'r\v;-.tAj:e  irf  water  ft»i:r.d  i;:  each  sample  are  also  recorded. 

iH  iv:isiiVrs!'U'  i:-,u'n;*t  is  !hf  liUtrl;  u:i»Mi  of  phospbcHUS  between 
thi-  »^^'h^\-s^.>';i^!e  and  aIivh.'l-ir.A''u'r>  frartioiis:  and  further  the 
V5»rv.i!;x»:-,  »;i  this  ii;s: r-.S-ation  in  ;h<?  ;hn;v  crvjps  of  birds.     A  complete 
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TABLE  I 

Analyitt  of  blood'pliuma  frommakf,  non-iaijing,  and  laying  female  fov>is 

Malea  (rooBtcra) 


^1     \Ks 

D»TK 

BESCHimON  or  BIBD 

1 

SS 

B 

P       11     1- 

p«ffl. 

April           11 

\Vh.    Wyandotte 

[ 

(mong.)  2  years  old.. 

2,282 

Ill,90i95  23 

15  57    5.29 

April           21 

\Vh.    Wyandotte 

100 

(mong.)  2  years  old.. 

2,410 

88. 38194. 63 

15  32    8,62 

November  23 

Mongrel 

2,480 

46.10 

5.39» 

NoO'laying  femalea 


Wh.  Wyandottf 
IJ  years  old 

Houdan  1)  years  old. . 

Wyandotte-H  o  u  d  b  r 
(monft.)?  3  years?.. 


Females  laying  cgf^ 


April 

5 

Game,  3-4  years  old-... 

1,750 

42.00l93.47 

30,52   13.83 

April 

5 

Plymouth     Rock.     3 

years  old 

1.500 

47, 7f 

93,86 

28  20   14  81 

April 

11 

Wh.    Wvandotte 

(mong.)  1  year  oldt.. 

1.4(M 

42  .il 

)4,381 

21.99f  9.86t 

2ai 

April 

11 

Wh,    Wyandotte 

(mong.)  I  year  old,.. 

1,332 

48  67 

94,02 

33.63  14  39 

April 

21 

Wyandotte-H  o  u  d  a  n 

(mong.)  11  months  old 

1,3S0 

2X.69 

94  17 

25.07   12.84 

•  PhosphoruH  calculated  as  lecithin. 

f  This  bird  laid  only  two  eggs  during  the  nine  days  preceding  the  taking  of 
the  sample,  the  poorest  laying  record  of  any  female  of  this  series. 

view  of  this  situation  is  to  be  had  by  reference  to  table  2.  The  atcohol- 
soluble  fraction  contains  2.5  to  4.5  times  more  phosphorus  than  does 
the  insoluble  fraction.  But  it  will  be  noted  that  the  greatest  dispro- 
portion of  the  two  is  found  in  the  males;  least  in  the  actively  laying 
females;  and  that  here  again  the  non-laying  females  form  the  inter- 
mediate group.  Tlie  relation  within  the  three  groups  of  the  distribu- 
tion of  phosphorus  in  the  two  fractions  of  the  analysis,  is  a  further  ovi- 
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TABLE  1 
«■  in  the  alcohol-toliAU  and  intolubU  fraction* — 

(onoiyse*  of  table  1) 


HALK 

K..v.,.™=™.,« 

L..,..o™«« 

""""" 

April  11  April  M 

Dwem- 

ber  IS 

D««m- 

Aprils 

Aprils 

April  11 

\vri\l 

April  a 

Alcohol  soluble  ,. 

18.87 
2.78 

21.84 
6.23 

20,80 
5,17 

16-71 
4.36 

17,61 
5.61 

26.10  25,92 
8, 44]  10,45 

2,38 
661 

21.80 
10,63 

20  00 
10.44 

*  Calculated  as  lecithin. 

deoce  that  the  three  groups  of  birds,  are  natural  groups  in  reference 
to  the  fat  and  phosphorus  content  of  the  blood-plasma. 

GEHERAL  CONSIDEHATIONB 

Apparently  there  are  but  few  published  observations  bearing  on 
the  relative  amounts  of  fat  and  phosphorus  in  the  blood  of  males  and 
females;  we  know  of  none  which  deal  solely  with  the  blood-plasma 
of  a  vertebrate.  A  still  smaller  number  of  published  data  deab  with 
the  changes  in  the  quantity  of  these  substances  in  the  blood  or  plasma 
of  females  in  relation  to  periods  of  ovarian  rest  and  activity.' 

Gonip-Benanez  (4)  makes  the  meager  but  interesting  tabular  state- 
ment that  the  blood  of  males  contain  less  fat,  that  of  females  more} 
Miescher  (5)  noted  that  at  the  time  of  ripening  of  eggs  in  the  ovaries 
of  the  salmon  the  blood-serum  contained  "erhebUehe  Mengen"  of 
lecithin  and  fatty  acids.  Heim  (6)  showed  that  in  a  number  of  spe- 
cies of  Decapod  Crustacea  the  blood  of  the  females  acquires  a  brilliant 
yellow  lipochrome  (alcohol-soluble)  pigment  at  the  time  of  the  ripen- 
ing of  the  ovaries. 

The  work  of  Geoffrey  Smith  upon  the  blood  of  the  crab  {Carcinus 
maenas)  is,  however,  of  particular  interest  in  connection  with  the 

*  The  changes  in  quantity  of  lipoids  of  the  blood  in  disease,  and  the  norm^ 
and  expe rime D tally  induced  fluctualions  in  the  fat  content  of  the  blood,  do  not 
really  require  consideration  in  connection  with  the  current  topic.  Some  of  these 
will,  however,  be  considered  in  other  of  these  studies. 

'Since  this  paper  was  written  a  paper  by  Goeltler  and  Baker  (Joum.  Biol. 
Chem.,  sxv,  June,  1916)  l>carinK  on  this  subject  has  been  published.  The  fat 
and  cholest«rol  of  male  and  female  human  (normal)  blood  was  determined,  be- 
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present  study.  Smith  made  adequate  quantitative  detemmiattous 
of  tbe  total  ether-soluble  contents  of  the  blood  of  '  males  which  were 
maturing  their  ^gs.  This  amount  was  found  to  be  much  greater  than 
that  similarly  obtained  from  the  blood  of  the  males  approaching  moult; 
and  also  very  much  greater  than  the  colorless  combined  bloods  of  males 
and  females.  UnfortuDately,  perhaps,  for  our  purpose,  the  blood  of 
males  and  females  were  not  compared  at  the  period  of  their  lowest 
fat  content. 

Smith's  work  has  additional  merit  because  of  its  elucidation  of  the 
relation  of  the  blood  changes  to  other  carefully  studied  somatic  changes 
which  occur  under  the  so-called  "parasitic  castration"  of  these  forms  by 
Sacculijia — a  condition  in  which  the  males  tend  to  take  on  female  second- 
ary sexual  characters,  young  females  tend  to  hasten  the  assumption 
of  such  adult  female  characteristics,  and  the  blood  of  both  sexes  be- 
comes much  richer  in  fat  and  lipochrome  pigment.  Additional  in- 
terest pertains  to  these  studies  because,  on  the  basis  of  the  results, 
Smith  has  formulated  a  theory  of  sex  to  fit  all  the  facts  as  observed  in 
Carcinus  and  related  crabs. 

It  will  thus  be  seen  that  Smith  has  clearly  recognized  and  studied 
a  connection  between  certain  aspects  of  sex  and  fat-content  of  the 
blood.  Though  we  cannot  here  adequately  con^der  the  theory  ad- 
vanced by  Smith  it  should  be  noted,  that  he  has  not  assumed  or  sought 

sides  26  other  Hubstauces.  The  authors  do  not  call  attention  to  the  Be:c  differ- 
eocea  of  the  fat  estimations,  but  if  we  summariie  and  arrange  their  data  accord- 
ing to  sex  it  will  be  found  to  be  aa  follows. 


r.r 

™o««.«.. 

Uh.    1   llin. 

... 

Hu. 

Uin, 

Av. 

128,0     66.4 
320  0|  145.0 

102  1 
189.6 

58 
44 

17 
19 

42 
29 

(18)     141.4 
(5)    226  0 

The  figures  indicate  milligrams  per  100  cc.  of  blood.  In  addition  to  the 
above  a  diabetic  male  gave  a  fat  figure  of  158.8.  The  increase  in  cholesterol 
does  not  seem  to  keep  pace  with  the  increase  in  fat.  It  'a  clear  that  the  figures 
of  Goettler  and  Baker  indicate  a  higher  fat  content  of  the  blood  of  the  human 
female.  In  connection  with  the  division  of  females  made  in  the  present  paper 
it  is  interesting  to  note  that  the  two  females  whose  ages  were  30  and  35  years 
give  an  average  of  253,5  for  fat  in  blood;  while  three  women  of  48  to  59  years 
show  an  average  of  only  163.7.  The  functional  condition  of  the  ovary  would  seem 
to  be  associated  with  the  highest  fat  values  in  the  blood,  whether  that  ovary 
utilizes  much  fat  (fowl)  or  little  (woman). 
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for  initiat  differences  in  fat  metaboUsni,  but  holds  that  the  paraaitie 
Sarculioa — by  depriving  the  blood  of  the  male  host  of  circulating  fat 
as  does  the  ovar>'  of  the  female — stimulates  a  continual  production 
of  j-olk  ("  "sexual  formative  substance")  which  thus  accumulates 
in  the  blood,  and  whose  presence  in  the  blood  causes  the  parasitized 
(.castrated)  male  to  assume  the  characters  of  the  female.  Some  fea- 
tures of  Smith's  theorj"  would  seem  to  possess  obvious  advantages 
o^TT  some  current  conceptions.  It  remains  to  point  out,  however, 
that  the  results  obt&ined  from  the  study  of  the  crab's  blood —  and  as 
we  belie\-e  on  the  general  topic  of  'parasitic  castration'  in  crabs — are 
in  entire  agreement  with  the  theory  of  sex  which  has  been  stated  by 
Riddle  U.  2,  31  and  that,  in  so  far  as  the  blood  analyses  contrast  the 
bUmd  of  males  and  females,  the  results  are  similar  to  those  described 
ia  this  paper.  No  phosphorus  values  wne  obtained  from  the  crab's 
bUHMl:  and  the  blootl  of  the  nonnal  "inactive"  male  and  fonale  was 
iMtl  MMUparetl. 

When  one  begins  tryva  the  pcHnt  of  vantage  stated  at  the  outset  of 
this  paper — tlie  dtiiMinstattni  initial  difference  in  stongg  metaboliau 
,|vuiin)UH.v  of  fat  and  lerithin'  of  male-  and  femaie-fwoducing  ova 
v>f  (he  |>)ge<w~tt  IS  t-ite«r  thai  e\'er  new  and  subsidianr  hypotheses  are 
tuimxvjsauA'  for  th^  gt-ntTil  under^andicg  of  many  hitltnte  puzzling 
wx  f^iHinirt-.ct.  A  hichor  fat  n^tect  of  the  blood  of  woman,  female 
cntb.  and  hfti.  th^u  t^'  iiLAS.  cki'e  crab.  a::d  cock.  is.  oo  Riddle's  view, 
ih^  ^^x^■^fte^^  r>':>ul;  of  a  aure  cx'^rinuaiikV  or  perssteoce  of  the  ob- 
s*T\»l  rvla::w  jvwers  >.»:  ;fce  e«gs- 

TSe  eggs.  »hu-h  pTv^swv^i^T-'y  will  pcrxiur^  orgastsms  of  the  two 
r«\¥TS, *«■  !r,iiv,^-l\>»s  a:r«i~t>*  viizrtvciLi^ei:  i=  respect  to  their  fat  and 
iv.v*^-hv>r\is  ;v,-;:,\":>.- !.>;•./  -j:  rr^vstCy  :>..?  sir::^  dtreciion  as  are  the 
E-.".ss:v.AS  !>;  a,;.:i  ::.*W  i:::d  tVc-i^i-s^  Tbe  :VciA>-producing  egg  is 
rvcv  [<\T:.*,;'y  <  :v, '  :>:  ».:>.  :»:  iri  ^i-.-crCv^e  than  is  the  male 
;v\\;.;,u.t  if<3C  :--,;.:■-■  T^^-  r^fiiiivL,-  k-.TfJ?  of  the  eggs  accord 
»,■."-,  ;-^-.  a'.  ,.■■  ;.'■ -r.  i^-^  ":."'.\-vi  *r,i  r>.k>c::k  ^b'.s  far  investigated 
■,"  ,-„^■s"-■  ;-~AT  -.v  :;;-ji:v".  ■  V-.v-is  .(  '.:t  sw.t  ki^vi  of  eggs  are  con- 
:-"->x:  •v.—  :  f  e:-~.:  '•"'.••^\  -.>•,'  ffvrrv.-^ry  :r::o  tbe  adult. 
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and  female-producing  ova  in  the  pigeon  (Riddle)  invites  a  compamon 
of  the  quantities  of  these  substances  present  in  the  adults  of  the  two 
sexes. 

The  blood-plasma  of  female  fowls  is  found  to  be  richer  in  alcohol- 
soluble  substance  and  phosphorus  than  is  the  plasma  of  the  male. 

The  blood-plasma  of  the  sexually  functioning  female  fowl  contains 
more  alcohol-soluble  substance  and  more  phosphorus  than  does  the 
plasms  of  fowls  with  temporarily  inactive  ovarj'. 

The  male,  the  non-laying  female  and  the  actively  laying  female 
fowl  are  three  natural  groups  of  fowls  when  these  are  considered  from 
the,  standpoint  of  the  fat  and  phosphorus  content  of  the  blood-plasma. 
The  relative  distribution  of  phosphorus  in  the  alcohol-soluble  and 
alcohol-insoluble  fractions  of  the  blood-plasma  is  also  different  for 
these  three  groups  of  fowls. 

The  differences  here  observed  and  measured  are  quantitive  not 
qualitative  in  kind. 

These  results  on  the  fowl,  together  with  the  few  data  available  on 
other  forms,  lend  support  to  the  view  advanced  by  Riddle  that  the 
initial  metabolic  differences  between  ^gs  of  different  sex  value  persist 
in  the  organisms  developed  from  the  eggs  of  the  two  grades. 
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ft-cm  Ui4  Laboralory  of  PhytiiAogy  of  the  Northwetlem  Uninerntj/  Medical  Sehool 
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From  a  review  of  physiological  literature  one  receives  the  impression 
that  the  presence  of  an  acid  reaction  in  the  stomach  is.  essential  to  and 
hastens  gastric  discharge.  This  is  not  entirely  concordant  with  ctini- 
cal  ttbeervations.  In  cases  of  so-called  hyperacidity  a  retarded  empty- 
ing of  the  stomach  with  resulting  atony  and  dilatation  is  often  found. 
Also  in  cases  of  achylia  gastrica,  where  there  is  practically  no  free  acid 
found  in  the  stomach,  the  normal  rate  of  discharge  is  often  unimpaired. 
It  therefore  aeems  probable  that  the  presence  of  an  acid  reaction  is 
not  the  only  essential  factor  in  the  control  of  gastric  discharge. 

Hirsh  (1)  has  reported  that  solutions  of  inorganic  acids  leave  the 
stomach  slowly  and  inferred  that  this  slow  exit  was  due  to  the  stimu- 
lating effect  of  the  acid  on  the  mucosa  of  the  duodenum.  Cannon  (2) 
in  his  fluoroscopic  work  on  cats,  fed  mashed  potato  and  bismuth,  and 
observed  that  hastening  the  appearance  of  an  acid  reaction  hastened 
the  initial  gastric  discharge.  Hedblom  and  Cannon  (3)  fed  acidified 
mashed  potato  and  bismuth  to  their  animals  and  by  fluoroscopic 
observations  estimated  that  the  rate  of  discharge  was  increased  over 
the  normal  rate  up  to  an  acidity  of  0.25  per  cent,  acidity  above  0.2& 
per  cent  reduced  the  rate  of  discharge  to  or  below  the  normal.  Heiden- 
hain  (4),  Pawlow  (5),  Sommerfeld  (6),  Carlson  (7),  and  others  have 
demonstrated  an  acidity  of  0.4  to  0.5  per  cent  in  the  pure  gastric  juice 
of  animals  and  man.  Boldyreff  (8),  has  presented  evidence  that  this 
high  acidity  is  neutralized  to  an  optimum  acidity  of  0.15  to  0.2  per 
cent  by  regurgitation  of  duodenal  juices  of  which  the  pancreatic  juioe. 
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is  most  important.  Through  a  gastric  fistula  in  dogs,  Boldyreff  in- 
jected acidified  fluids  into  the  stomach  and  found  that  the  acidity  wu 
rapidly  lowered  to  0.15  to  0.2  per  cent  and  the  rate  of  discbarge  wu 
increased  with  the  reductions  of  the  acidity.  After  ligating  the  pan- 
creatic ducts  he  found  that  the  reduction  of  the  acidity  and  the  rate  of 
discharge  were  greatly  retarded.  Recently  Spencer,  Meyer,  Rehfuss 
and  Hawk  (9),  have  demonstrated  the  presence  of  pancreatic  trypan 
in  the  gastric  contents,  the  amount  present  being  greater  with  low 
acidity  than  with  high  acidity.  In  the  same  article  these  investi- 
gators noted  that  sodium  Incarbonate  in  1  per  cent  solutions  left  the 
stomach  rapidly  while  5  per  cent  left  slowly.  By  means  of  the  X-ray 
IVbora  (10)  studied  gastric  peristalsis  and  motility  in  normal  indi- 
viduals. He  used  bismuth  alone  and  combined  with  hydrochloric 
acid.  When  acid  was  used  the  peristalsis  was  deeper  and  more  ener- 
getic but  the  emptying  time  was  50  pa  cent  longer.  Carlson  (11) 
found  that  the  rhythms  of  the  empty  st^Knach  appear  whether  the  muco- 
sa is  alkaline  or  acid,  but  are  inhibited  by  strong  acidity  or  alkalinity. 
The  inhibition  was  greater  with  0.5  pa  cent  hydrochloric  acid  than 
with  a  similar  coneentntion  of  sodium  carbonate.  Clinically  con- 
sideraUe  variation  in  the  relation  of  acidity  to  discharge  is  also  found 
'  in  observations  made  upon  patients  with  so-called  hyperacidity.  Osier 
(12)  finds  that  most  ctses  of  hyperacidity  show  a  normal  or  increased 
motility  althou^  in  30  per  cent  of  his  smes  tba-e  was  a  coincident 
atony  of  the  stomach  with  some  retention.  Strfimpell  (13)  usually 
finds  the  stoDiAch  empty  within  three  to  four  hours  after  a  test  meal, 
which  be  attributes  to  increased  motihty  and  an  increased  digestive 
power  tJ  the  gastric  juice.  Reed  <I4^  maintains  that  hyperacidity 
and  some  dc^je*  of  gastric  hypere^the^  which  frequently  is  coin- 
adenl.  are  the  chief  causes  of  the  rommou  motor  disturbances  such  as 
!cp«n)  ci  the  cardia  and  of  the  pylorus  with  long  delayed  emptying 
ot  the  stomach.  Kemp  (\5^  states  that  motility  is  unimpaired  in 
case^  of  hyperacidity,  unless  (implicated  with  atony  and  insufficiency 
which  it  often  pnxhice^  Krchl  \^  ci>nsid«s  hyperacid  secretions 
with  re$«ihiitg  pyloro^pafTu  as  an  etk^Iocical  factor  in  gastric  dilatation. 
Frvim  the  above  rnned  ^-miewhat  cocSicting  experimentitl  and 
clinical  olwrvatiiin?  it  is  evivVnt  that  the  relation  of  gastric  acidity 
to  ntt'tility.  di^hartre.  and  d-oixleoal  rc^curpialioo  is  still  sufficiently 
pr«^b'.«na:ic  to  justify  further  in\"e:?:i«a;iv-'a  under  varying  conditions. 
TTw  o>ii<i;:i.>ns  iR>ixi«\l  in  ihis  r««parvh  were  first:  a  normal  fasting 
aBim.t]  st<mi»i-h,  !afv\^:;d,  Su:d  in:«';:r>'Rf  of  rvaftant  temperature  and 
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quantity  but  of  varying  acidities;  third,  abolishment  of  inhibiting 
sympathetic  reflexes  by  pithing  the  spinal  cord. 

TBCHmqUE 

Dogs  were  used  throughout  the  experiments.  The  animals  were 
unfed  for  forty-eight  hours  to  secure  total  absence  of  food  from  the 
stomach.  This  however  was  not  obtained  in  every  case,  as  noted 
below,  owii^  to  the  indigestible  nature  of  some  of  the  material  pre- 
viously ingested.  Light  ether  anaesthesia  was  maintained  by  the 
tracheal  cannula-ether  bottle  method.  Through  a  laminectomy  inci- 
sion the  spinal  cord  was  destroyed  from  the  sixth  to  the  tenth  dorsal 
segments.  This  destruction  of  the  cord  severed  the  splanchnics  from 
their  coimectioo  with  the  central  nervous  system  and  thus  eliminated 
inhibitory  reflexes.  Cannon  (17)  determined  that  section  of  the 
splanchnics  in  cats  resulted  in  no  change  of  the  normal  movements  of 
any  part  of  the  alimentary  canal.  Carlson  (18)  found  that  section  of 
the  splanchnics  in  dogs  increased  the  gastric  tonus  and  augmented 
the  gastric  hunger  contractions.  It  is  therefore  evident  that  destruc- 
tion of  the  inhibitory  mechanism  does  not  diminish  gastrointestinal 
activity.  Fluids  were  introduced  and  withdrawn  from  the  stomach 
by  means  of  a  glass  tube  inserted  through  an  esophageal  fistula  in  the 
cervical  region.  The  fistula  was  made  to  avoid  laryngeal  reflexes  and 
prevent  swallowing  of  saliva.  The  portion  of  the  tube  used  for  insertion 
into  the  stomach  was  bent  at  an  angle  of  lOdegreesl  inch  from  its  termi- 
nation and  provided  with  a  rubber  extension.  The  protnidii^  portion 
was  also  bent  in  the  same  plane  as  an  index  to  the  direction  assumed  by 
the  bent  portion  of  the  inserted  end.  The  protruding  end  was  connected 
with  a  funnel  for  introduction  of  fluids.  When  aspirating  the  stomach 
contents  a  suction  bulb  was  substituted  for  the  funnel.  By  placing 
the  animal  on  its  left  side  and  directing  the  bend  in  the  tube  toward 
the  animal's  left,  the  most  dependent  portion  of  the  fundus  of  the  stom- 
ach could  be  reached  and  completely  aspirated. 

At  the  beginning  of  each  experiment,  after  removing  the  fluid  con- 
tents of  the  stomach,  our  aspirating  technique  was  tested  and  the  stom- 
ach lavaged  by  the  introduction  and  immediate  withdrawal  of  200  cc. 
of  water.  If  198  to  200  cc.  were  recovered  the  method  was  considered 
efficient,  2  cc.  being  allowed  for  immediate  discharge  through  the 
pylorus.  If  less  than  198  cc.  were  recovered  the  tube  was  readjusted 
and  the  test  repeated  until  satisfactory  results  were  obtained.     It  was 


r>' Google 


442  W.   B.   IIORSB 

seldom  found  Decessary  to  repeat  the  test.  By  carefully  messunng 
the  amount  of  fluid  introduced  into  the  stomach  and  the  amount  with- 
drawn, the  amount  of  discharge  or  of  duodenal  regurgitation  may  be 
determined.  The  question  immediately  arises  however:  What  effect 
has  the  introduction  of  water  and  various  acid  solutions  on  the  rate  of 
gastric  secretiimT  This  secretion,  If  considerable,  would  be  a  disturbing 
factor  in  the  results.  Pawlow  (19)  found  that  in  dogs  gastric  secretion 
is  shghtly  stimulated  by  the  introduction  of  500  cc.  of  water  into  the 
stomach.  The  introduction  of  100  to  150  cc.  of  water  produced  no 
secretion  in  50  per  cent  of  his  cases,  the  secretion  in  the  case  of  500  cc. 
of  water  being  due  to  the  long  continued  contact  of  the  water  with  the 
gastric  mucosa.  Solutions  of  meat  ash,  chloride  and  hydrochloric 
acid  produced  exactly  the  same  effect  as  water  alone.  It  was  therefore 
considered  probable  that  the  amount  of  secretion  produced  when  200 
cc.  of  water  or  hydrochloric  acid  solutions  are  introduced  is  email  and 
not  a  disturbing  factor  in  the  comparative  values  of  discharge  or  duo- 
denal regurgitation.  In  order  to  detenmne  positively  that  secretion 
is  not  a  disturbing  factor  under  the  conditions  of  this  investigation,  a 
separate  series  of  experiments  was  made  upon  six  animals  using  the 
same  technique  but  with  the  pylorus  Ugated.  The  results  of  these 
experiments  usually  showed  no  secretion,  and  when  any  occurred  it 
was  so  small  in  amount  as  to  be  negligible.  This  series  will  be  extended 
and  reported  in  detail.  When  more  fluid  was  recovered  than  was 
introduced  the  increase  was  attributed  to  duodenal  r^urgitation  as 
gastric  secretion  or  hemorrhage  could  not  be  considered  sufficient  to 
produce  the  results. 

In  the  above  noted  technique  the  stomach  and  intestines  were  not 
traumatized.  The  abdomen  was  not  opened  until  the  end  of  the  experi- 
ment when  an  autopsy  was  made  and  the  gastric  contents  noted  as  a 
,  further  check  upon  the  aspirating  efficiency.  Previous  to  the  adoption 
of  this  technique  two  other  methods  were  tested.  First  the  rate  of 
gastric  discharge  was  determined  by  recovering  the  discbai^ed  fluid 
from  the  duodenum  through  a  fistula.  Second  a  tube  was  introduced 
into  the  stomach  through  an  incision  in  the  stomach  wall  and  fluids 
were  introduced  and  withdrawn  the  discharge  being  noted  by  differ- 
ence. Both  of  these  methods  were  discarded  because  of  local  inhibi- 
tions produced. 

Data  were  obtained  from  two  series  of  experiments.  In  the  first 
fourteen  animals  were  used.  Solutions  of  acidity  varying  from  0 
to  0.5  per  cent  hydrochloric  acid  were  introduced  into  the  stomach. 


r>' Google 


RELATION   OF   ACID   TO  MOTOB   FUNCTION   OF  STOHACH 


443 


The  quantity  used  was  uniformly  200  cc.  and  the  temperature  37°C. 
Water  was  first  injected.  The  acidity  was  increased  0.1  per  cent  with 
each  injection  until  0.5  per  cent  hydrochloric  acid  was  reached.  Each 
injection  was  aspirated  after  an  interval  of  thirty  minutes.  The 
results  from  two  of  the  animals  of  this  series  were  discarded  as  unreliable. 
In  the  first  case  aggravated  retching  produced  regurgitation  with  loss  of 
considerable  fluid  thus  destroying  the  accuracy  of  the  measurements. 
In  the  second  case  25  cc.  of  fluid  and  some  solid  material  were  found 
in  the  stomach  at  autopsy. 

In  the  second  series  four  animals  were  used.  The  time  interval 
was  shortened  to  twenty  minutes  and  the  acidity  of  the  solutions  was 
increased  0.2  per  cent  with  each  injection  until  1  per  cent  hydro- 
chloric acid  was  reached. 

The  post  mortem  examination  of  the  stomach  contents  as  a  check 
upon  the  aspirating  technique  was  usually  gratifying,  In  six  animals 
of  the  first  series  the  stomach  was  empty,  in  two  there  was  a  small 
amount  of  soUd  material,  such  as  bone  and  remnants  of  potato  but  no 
fluid;  in  one  there  was-25  grama  of  solid  material  and  4  cc.  of  fluid. 
In  the  remaining  three  animals  of  this  series  a  small  amount  of  thick 
discolored  mucus  was  found.  In  the  second  series  two  stomachs  were 
empty,  one  contained  some  mucus  and  one  some  solid  material  but  no 
fluid. 

Chart  I 
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The  results  of  the  first  series  as  tabulated  in  Chart  I  show  a  general 
uniformity  although  certain  deviations  are  noted.  In  eight  of  the 
twelve  animals  the  greatest  discharge  was  obtained  with  water.  The 
average  discharge  with  water  was  22.2  cc.,  which  is  less  than  that  ob- 
tained by  Moritz  (20)  from  duodenal  fistulae.  The  average  dis- 
charge for  the  various  dilutions  decreased  with  increase  of  acidity 


Fig.  1.  Based  on  12  experiments,  average  diecbarge: average 

refturgitation. 

Fig.  2.  Based  on  12  experimeDts.    Number  of  animals  showing  dis' 

charge. Number  of  animals  showing  regurgitation Number 

of  animals  having  shown  regurgitation  at  some  previous  stage  of  the  experiment. 

(fig.  1).     These  findings  are  in  accord  with  Hirsch's  (1)  finding  that 
inorganic  acids  leave  the  stomach  slowly. 

Referring  to  Chart  I  the  following  individual  deviations  are  noted. 
Dogs  1,  3,  9  and  10  have  slightly  greater  discharge  with  acid  solutions 
than  with  water.  Dogs  2,  3,  4,  and  8  have  at  some  point  a  greater 
discharge  with  acid  solutions  than  with  some  preceding  lesser  acidity 
but  not  greater  than  with  water. 
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Id  additioD  to  the  pn^redsive  duninutioD  in  the  amount  of  dlacharge 
there  is  an  increase  in  the  average  amount  and  in  the  frequency  of 
regurgitation  with  increase  in  the  acidity  (figs,  i  and  2).  In  every 
case  regurgitation  occurred  at  or  before  0.5  per  cent  acid  was  reached. 
Hicks  and  Fisher  (21)  recently  reported  regurgitation  in  38  per  cent  of 
56  triab  on  dogs  when  0.5  per  cent  hydrochloric  acid  was  introduced 
into  the  stomach.  After  section  of  the  splanchnics  they  obtained 
regurgitation  in  all  of  nine  trials.  Change  in  color  was  considered 
sufficient  evidence  (rf  regur^tation  by  these  investigators  after  they 
found  that  ope  drop  of  bile  in  100  cc.  of  water  produced  a  bright  straw 
color.  In  our  series  of  experiments  regurgitation  was  evidenced  by 
the  increase  of  the  fluid  content  of  the  Btomacb.  The  appearance  of 
bile  coloring  in  the  aspirated  fluid  was  occasionally  noted  but  if  con- 
stantly present  was  usually  obscured  by  slight  hemorrh^^  which 
occurred  between  0.3  and  0.9  per  cent  acidity,  A  control  color  test 
with  blood  and  hydrochloric  acid  solutions  showed  that  from  1  to  3 
cubic  centimeters  of  blood  in  the  aspirated  contents  would  produce  the 
color  change  and  hence  hemorrhage  was  not  sufllcient  to  account  for 
the  increase  of  the  gastric  contents.  The  mucosa  at  autopsy  in- 
variably showed  excoriated  areas  more  numerous  in  the  fundus  than 
in  the  antrum. 

In  every  case  some  discharge  was  obtained  with  water.  Occasionally 
when  using  acidified  fluid  the  amount  aspirated  was  the  same  as  that 
introduced  thus  giving  us  no  evidence  of  discharge  or  regurgitation. 
The  number  of  animals  showing  discharge  decreased  with  increase  of 
acidity  up  to  0.5  per  cent  acid,  where  a  discharge  was  never  obtained 
(fin-  2). 
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'  The  results  of  the  second  series  (Chart  II)  with  higher  percentages 
of  acid  in  general  corroborate  the  findings  of  the  first  series.  In  only 
one  case  did  any  discharge  occur  except  with  water.  Dog  No.  1  shows 
5  cc.  discharge  with  0.4  per  cent  acid,  but  this  is  6  cc.  less  than  that 
obtained  with  water. 

DISCUSSION 

The  most  prominent  feature  of  the  results,  as  tabulated  above,  is  the 
progressive  diminution  in  the  rapidity  of  discharge  with -increase  in 
the  acidity.  This  does  not  concur  with  the  findings  of  Hedblom  and 
Cannon  (3)  in  which  the  optimum  acidity  for  maximum  discharge 
was  found  to  be  0.25  per  cent.  However  Hedblom  and  Cannoa's 
work  was  done  on  cats  fed  mashed  potato  and  bismuth.  At  autopsy 
of  their  animals  they  foLmd  the  material  fed  was  separated  into  masses 
in  the  intestines  (22).  Possibly  the  difference  between  their  results  end 
those  herein  reported  may  be  explained  by  the  fact  that  only  the  sur- 
faceof  the  semi-fluid  material  passing  through  the  pylorus  was  presented 
to  the  duodenal  mucosa.  In  this  diffusion  would  be  retarded  and  the 
acidity  of  the  surface  could  be  quickly  neutraliied  by  the  alkaline  duo- 
denal juices  without  exciting  inhibition  of  discharge  or  regurgitation. 
This  process  could  continue  as  the  peristaltic  action  of  the  duodenum 
brought  new  surfaces  of  the  material  in  apposition  with  the  mucosa. 
But  in  the  case  of  acidified  Buid,  the  whole  acid  content  is  in  effect  at 
once  presented  to  the  mucosa  and  the  neutralizing  power  of  the  duo- 
denal juices  is  exhausted  before  the  volume  of  fluid  admitted  is  neu- 
tralized below  the  point  sufficient  to  produce  inhibition  of  discharge  or 
regui^tation. 

BoldyrefT  (8)  finds  the  optimum  acidity  to  be  0.15  to  0.2  per  cent.  He 
believes  that  the  constant  acidity  of  0.4  to  0.5  per  cent  of  the  gastric 
juice  is  reduced  by  influx  of  duodenal  juices.  This  view  is  supported 
by  the  presence  of  trypsin  in  the  gastric  contents  as  demonstrated  by 
Spencer,  Meyer,  Rehfuss  and  Hawk  (9).  The  constant  occurrence  of 
regurgitation  as  noted  in  our  experiments  may  be  taken  as  further 
evidence  in  support  of  Boldyreff's  theory.  This  regurgitation  always 
occurred  at  0.5  per  cent  acid  or  before  0.5  per  cent  acid  was  reached 
and  the  average  amount  of  r^urgitation  as  evidenced  by  the  quanti- 
tative estimation  was  directly  proportional  to  the  acidity  of  the  fluid 
in  the  stomach. 

Throughout  these  experiments  the  presence  of  acid  in  the  stomach 
in  general  has  been  observed  to  retard  rather  than  hasten  gastric  di»- 
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charge.  Aa  acted  above  Spencer,  Meyer,  Rehfuss  and  Hawk  (9)  ob- 
served that  1  per  cent  sodium  bicarbonate  leaves  the  stomach  rapidly, . 
while  5  per  cent  leaves  slowly.  In  the  light  of  their  observations 
and  the  results  of  this  series  of  experiments  it  appears  that  the  acidity 
of  fluid  gastric  contents  has  no  function  in  producing  or  hastening 
gastric  discharge,  but  the  discharge  seems  to  be  controlled  by  the 
irritalHlity  or  non-irritability  of  gastric  contents  to  the  duodenal 
mucosa. 

The  optimum  acidity  as  reported  by  different  investigators  and  as 
observed  in  these  experiments  seems  to  vary  with  the  physical  con- 
dition of  the  material  used  and  is  lower  for  the  more  fluid  content. 
The  optimum  acidity  seems  to  be  that  which  can  be  quickly  neutral- 
ized or  diluted  to  a  non-irritating  point  without  exciting  inhibition 
of  discharge  or  regurgitation. 


1.  Water  is  discharged  from  the  fasting  stomach  of  anesthetized 
pithed  dogfl  more  rapidly  than  any  percentage  of  acid. 

2.  The  rate  of  discharge  is  decreased  with  increase  of  acidity. 

3.  Duodenal  regui^tation,  as  evidenced  by  increase  in  the  contents 
of  the  stomach,  often  occurred  at  0.2  per  cent  acidity  and  in  nearly 
all  trials  occurred  at  or  before  0.3  per  cent  acidity  was  reached. 

4.  Increase  in  acidity  increases  the  frequency  and  amount  of  regur- 
gitation from  the  duodenum. 

I  wish  to  express  my  gratitude  to  Dr.  R.  G.  Hoskins  and  Mr.  R.  £. 
Lee  Gunning  for  their  many  valuable  suggestions,  and  assistance 
throughout  the  work. 
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II.  On  thb  Presence  of  Lucipbhin  in  Luminous  Bactehia 
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Received  for  publication,  July  15,  1916 

In  a  recent  issue  of  Science  (1)  I  pointed  out  that  Dubois  (2)  had 
demonstrated  in  IS85  the  existence  of  two  substances  which  are  con- 
cerned in  the  l^ht  production  of  the  West  Indian  Cucullo,  Pyrophorut 
nodilucans,  and  also  of  the  boring  mollusc,  Pholas  dadylus,  one,  ther- 
mostabile,  called  luciferin;  and  another  thermolabile,  called  luciferase 
and  having  all  the  properties  of  an  enzyme.  Dubois  demonstrated 
this  by  filling  two  test  tubes  with  an  extract  (luminous)  of  the  lumi- 
nous organs,  then  boiling  one  tube,  which  destroys  the  luciferase  but 
not  the  luciferin,  and  allowing  the  other  tube  to  stand  until  the  Ught 
disappears,  i.e.,  until  all  the  luciferin  is  completely  oxidised  in  the 
presence  of  oxygen.  If  the  tube  contents  (both  dark)  are  mixed,  light 
appears.  Luciferin  and  luciferase  have  now  been  brought  together  in 
presence  of  oxygen  and  the  light  lasts  until  the  remaining  luciferin  is 
completely  oxidized.  I  have  been  able  to  verify  the  above  for  Pyro- 
phonu  and  to  show  that  the  common  American  fire-flies  contain  lucif- 
erin and  luciferase;  also  to  demonstrate  that  luciferin  from  one  genus 
of  fire-fly  {Photinus)  will  act  with  luciferase  from  another  genus  (Pho- 
tuTia)  and  vice  versa;  also  that  fire-fly  (Lampyridae)  luciferase  will  act 
with  Pyropkorus  {Elateridae)  luciferin  and  vice  versa.  Non-luminous 
parts  of  fire-flies  contain  no  luciferase,  however,  nor  do  non-luminous 
insects  or  extracts  of  earth-worms,  slugs  or  pill  bugs  (3). 

Oxygen  is  essential  for  light  production  by  luciferin  and  luciferase, 
but  if  oxygen  is  absent  the  luciferase  ia  able  to  change  the  luciferin  in 
some  way.    This  may  be  shown  by  allowing  an  oxygen-free  aqueous 

■  The  firat  paper  of  this  series  eDtitled,  Studies  on  Light  Production  by  Lumi- 
nous Bacteria  appeared  in  this  Journal,  1915,  xxxvii,  230.  The  third  paper  fol- 
lows the  present  one.  Papen  upon  the  chemistry  of  lumineioence  in  the  fire-fly 
and  in  luminous  marine  forms  will  follow. 
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mixture  of  luciferin  and  luciferaseto  stand.  If  oxygen  is  admitted  io 
five  minutes  we  obtain  light  but  if  we  wait  for  one  hour  before  admit- 
ting ox>'gen,  no  light  is  produced  (4).  Luciferin  alone  or  luciferase  alone 
in  solution  are  stable  for  over  six  hours. 

Luminous  bacteria  contain  luciferin  also  but  in  very  small  quanti- 
ties as  we  might  expect  from  the  intensity  of  the  light  which  is  far  less 
brilliant  than  the  fire-fly  although  produced  continuously.  I  have 
been  wholly  unable  to  demonstrate  it  by  a  repetition  of  Dubois'  ex- 
periment, due  in  part  I  think  to  the  fact  that  in  bacteria  tJie  luciferase 
is  an  endoenzyme  which  cannot  be  extracted  by  the  ordinary  bio- 
chemical methods.  If  we  use  the  luciferase  of  the  fire-fly  we  can  ob- 
tain hght  from  a  bacterial  luciferin  prepared  in  the  following  way:  hy 
adding  absolute  alcohol  to  a  dense  mass  of  the  bacteria,  then  removing 
the  alcohol  by  centrifuging  and  quickly  drying  by  evaporation  in 
vacuo.  The  resultant  powder  gives  no  light  with  water  but  does  phos- 
phoresce very  faintly  with  a  solution  of  fire-fly  luciferase.  Similar  ma- 
terial prepared  with  acetone  instead  of  alcohol  gave  no  l^t  with  fire- 
fly luciferase,  nor  did  bacteria  heated  from  one-half  to  two  minutes  to 
IWC.  Thinking  that  bacterial  luciferin  as  weU  as  the  ludfenise 
might  be  destroyed  below  100°,  I  tried  heating  to  lower  temperatures, 
90°,  80°,  70°,  60°  and  50°  for  two  minutes,  but  in  no  case  was  light 
produced  when  fire-fly  luciferase  was  added  to  these  bacteria.  Prob- 
ably the  amount  of  luciferin  in  luminous  bacteria  is  so  small  that  it 
is  burned  up  before  the  temperature  rises  sufficiently  to  destroy  the 
luciferase,  whereas,  addition  of  alcohol  instantly  prevents  the  action  of 
the  luciferase.  In  order  to  obtain  a  bacterial  powder  which  will  ^ve 
Ught  with  fire-fly  luciferase  it  is  necessary  to  remove  the  alcohol  and 
dry  aa  quickly  as  possible;  otherwise  the  luciferin  is  also  destroyed. 

Addition  of  ether  to  a  mass  of  luminous  bacteria  causes  the  li^t  to 
disappear  rapidly  and  I  thought  that  the  luciferase  might  be  destroyed 
and  not  the  luciferin,  but  bacteria  so  treated,  after  the  ether  had  been 
evaporated  by  a  current  of  air,  gave  no  light  with  fire-fly  luciferase. 
Negative  results  were  obtained  also  with  an  alkaline  ("s  KOH) 
extract  of  luminous  bacteria  neutralized  with  HCl.  A  precipitate  of 
nucleoprotein  is  produced  on  neutraUzation.  Apparently  the  bac- 
terial luciferin  is  formed  in  such  small  quantities  from  its  precursor  or 
is  so  unstable  that  all  methods  of  obtaining  it  have  failed  with  the  ex- 
ception of  the  rapid  precipitation  by  alcohol. 

That  bacterial  luciferin,  like  fire-fly  luciferin,  is  changed  and  disap- 
pears on  standing  in  contact  with  oxygen-free  water,  was  demonstrated 
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by  my  earlier  attempts  to  extract  a  photogenic  substance  with  oi^gen- 
free  solvents  (5). 

It  may  be  pointed  out  in  passing  that  the  experiments  with  baC' 
terial  luciferin  were  made  with  an  unfiltered  suspension  of  the  bacteria 
since  they  are  small  enough  to  pas  filter  paper.  Fir&-fly  luciferin 
may  be  obtained  in  a  perfectly  clear  filtrate  free  of  cells  and  cell  frag- 
ments. 

On  the  other  hand,  I  have  found  it  impossible  to  obtain  a  bacterial 
luciferase.  Neither  bacterial  luciferin  nor  fire-fly  luciferin  will  react 
with  any  sort  of  bacterial  preparation  which  might  be  supposed  to 
contain  luciferase.  I  have  tried  extraction  with  water  and  chloroform 
water  of  both  the  fresh  bacteria  and  those  rapidly  dried  and  then 
ground  with  sand.  The  methods  of  growii^,  collecting  and  drying  the 
bacteria  are  described  in  my  earlier  paper  (6).  It  is  not  surprising 
that  this  is  BO,  for  many  enzymes  are  found  in  bacteria  in  a  condition 
which  defiesB  extraction  except  by  means  of  the  Buchner  press  and  it  is 
difficult  to  obtain  luminous  bacteria  in  sufficient  quantity  for  this 
method.  I  feel  certain  that  the  oxidases  are  contained  in  these  bac- 
teria in  this  endoenzyme  condition.  All  my  efforts  to  obtain  an  oxi- 
dase in  solution  which  will  oxidize  the  common  oxidase  reagents;  guaiac 
a-oapthol,  para-phenylen-dtamine,  a  mixture  of  a-napthol  and  para- 
phenylen-diamine,  phenolphthalin  and  pyrogallol  have  failed,  even 
though  hydrogen  peroxide  is  added. 

Similar  results  have  been  obtained  by  other  workers.  Gessard  (7) 
showed  that  a  melanogenic  variety  of  Bacterium  pyoeyaneum  would 
turn  tyrosin  brown  but  he  was  unable  to  separate  a  solution  of  tyrosi- 
nase from  the  bacteria.  Lehman  and  Sano(8)  found  also  that  Actin- 
omyces chromogenes,  Bacterium  pulidum  and  B.  phosphorescent  would 
oxidize  tyrosin  in  the  culture  medium  but  Vibrio  indtcua,  which  phos- 
phoresces strongly,  Sarcitio  luiea,  B.  typhi,  B.  coli,  and  many  others 
would  not.  They  found  in  addition  that  a  substance  oxidizing  aloin 
and  giving  a  very  weak  guaiac  reaction  could  be  extracted  from  Acti' 
nomyces  chromogenes,  B.  putidum  and  B.  pkosphorescens  by  a  mixture 
of  two  pdrts  glycerine  to  one  of  water,  but  no  tyrosin  reaction  could 
be  obtained  with  this  extract.  Here  also  the  tyrosinase  is  apparently 
in  an  endoenzyme  condition. 

Although  luciferase  is  no  -doubt  an  oxidase  it  is  not  like  the  oxidases 
of  plant  juices,  of  potato  or  turnip  juice  for  example.  Fire-fly  or  bac- 
terial luciferin  and  turnip  juice  or  potato  juice  will  give  no  light  when 
mixed  even  upon  the  addition  of  HiOj.    Fire-fly  luciferase  is  also  very 
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readily  destroyed  by  chloroform  water  while  the  oxidase  of  turnip 
juice  can  be  preserved  indefinitely  by  chloroform.  Fire-fly  luciferin  is 
not  destroyed  by  chloroform  but  a  solution  of  luciferin  preserved  unda 
chloroform  loses  it«  power  to  phosphoresce  in  the  course  of  ten  to 
twenty  days.  In  many  ways  the  luciferin  of  the  fire-fly  is  much  the 
more  stable  substance.  A  complete  account  of  its  properties  will  be 
found  in  a  subsequent  paper  of  this  series. 

BDlOiAST 

1.  Attention  is  called  to  the  discovery  of  R.  Dubois  in  1885-1886  of 
the  presence  of  a  thermostabile,  oxidizable  substance,  luciferin,  and  a 
tbermolabile  enzyme-like  substance,  luciferase,  in  the  luminous  organs 
of  the  mollusc,  Pholas  dactylus  and  the  beetle,  Pyropkorus  nodUucaru. 

2.  Similar  substances  occur  in  the  American  fire-flies  and  can  be 
obtained  in  solution  filtered  through  filter  paper. 

3.  Luciferin  from  Photinus,  Photuris,  or  Pyrophorua  will  give  light 
with  luciferase  from  any  of  the  above  three  genera  or  vice  versa. 

4.  Non-luminous  parts  of  fire-flies  or  extracts  of  many  other  non- 
luminous  insects,  slugs,  earth-worms,  or  pill  bugs  give  no  light  with 
luciferin. 

5.  Luciferin  in  a  very  impure  state  can  be  obtained  by  precipitating 
luminous  bacteria  with  alcohol  and  will  give  hght  with  fire-fly  luciferase. 

6.  Luciferase  cannot  be  obtained  from  luminous  bacteria  because  it 
is  probably  present  as  an  endoenzyme. 

7.  Oxidases  for  guaiac,  a-napthol,  para-phenylen-diamine,  phenol, 
phenolphthalin,  pyrogallol,  or  indo-pb'enol  formers,  if  present,  are  also 
in  an  endoenzyme  condition. 

8.  In  presence  of  oxygen,  luciferase  decomposes  luciferin  with  li^t 
production ;  in  absence  of  oxygen  the  luciferin  is  also  decomposed  but 
without  light  production. 

9.  Luciferase  (fire-fly)  is  quickly  destroyed  by  ether  and  chloroform, 
in  this  respect  differing  from  the  vegetable  oxidases.  Luciferin  (fire- 
fly) is  not  readily  destroyed  by  ether  or  chloroform. 

10.  Luciferin  of  bacteria  or  the  fire-fly  will  give  no  light  with  the  oxi- 
dases of  potato  juice  either  with  or  without  addition  of  hydrt^n 
peroxide. 
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Since  the  researches  of  Radziszewski  in  1S77  (1)  and  1880  (2)  on 
lophin  and  various  oils,  alcohols  and  aldehydes  we  have  come  to  recog- 
nize an  ever  increasing  number  of  substances  which  will  luminesce  uu- 
der  appropriate  conditions  at  t«mperatures  approaching  those  com- 
patiblewith  life.  Lophin  (triphenylglyoxaline)  gives  an  especially  good 
light  with  alcoholic  potash  at  60°C.,  as  do  many  essential  oils.  Trautt 
(3)  has  added  additional  substances  to  the  list  of  chemiluminescent 
reactions,  as  has  also  R.  Dubois  (4),  who  discovered  the  luminescence 
of  aesculin,  a  glucoside  obtained  from  horse  chestnut  bark  and  chem- 
ically a  combination  of  glucose  and  aesculetin. 

.CH:CH.CO 


These  substances  all  require  fairly  strong  alkali,  although  I  have  a 
sample  of  Bergamot  Oil  which  gives  a  beautiful  light  when  mixed  with 
n/10  NaOH  at  Wi°C.  and  a  faint  light  at  S^C.  At  20''C.  a  faint  light 
appears  with  n/80  NaOH.  On  warming  the  light  is  brighter,  n/80 
NaOH  is,  however,  incompatible  with  Ufe.  Lophin  and  aesculin  will 
not  luminesce  except  with  alcoholic  NaOH  or  KOH, 

Ville  and  Derrien  (5)  made  a  step  forward  when  they  showed  that 
lophin  would  luminesce  with  blood  and  HjOj  and  Dubois  (6)  has  re- 
cently discovered  that  aesculin  also  will  give  light  with  blood  and 
HiO}.    The  blood  contains  an  oxygen  carrier,  haemoglobin,  which  ao 
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celerates  the  oxidattoo  of  the  lophin  and  aeeculin.  I  con  confinn  the 
Btatement  of  Dubois,  and  of  Ville  and  Derrien  and  find  also,  contrary 
to  Dubois,  that  aesculin  will  give  light  with  KiMniOe  and  HiOi.  It  is 
best  to  keep  the  temperature  about  60°C.  I  found  also  that  aesculin 
would  give  light  with  FeCU  +  HiOj  but  not  with  FeCk,  or  K,MnjO( 
or  HtOt  alone,  nor  with  plant  extracts  rich  in  oxidases  (turnip,  potato 
and  horse  radish  root)  either  with  or  without  HtOi,  and  that  blood  ex- 
tract still  retains  its  power  to  produce  light  with  lophin  after  boiling. 
Blood  will  oxidize  guaiac  after  boiling  and  upon  addition  of  HtOj. 
Oxonized  turpentine  can  take  the  place  of  HiOj  in  oxidation  of 
aesculin. 

It  is  of  interest  to  note  the  similarity  between  the  oxidation  with 
light  production  of  aesculin  or  lophin  by  means  of  the  blood  oxidases, 
and  the  oxidation  of  luciferin  by  luciferaee,  the  substances  found  in 
luminous  animals.  Except  that  luciferase  is  instantly  destroyed  by 
boiling  and  is  active  at  very  low  temperatures  the  parallel  is  indeed 
striking. 

I  have  recently  discovered  (7)  a  luminescent  reaction  which  mimics 
in  all  details  the  process  occurring  in  luminous  organisms  and  shows 
us  the  essential  nature  of  that  process.  The  oxidation  of  a  mixture  of 
pyrogallol  +  HtO*  by  the  vegetable  oxidases  occurs  vnUi  the  production 
of  light.  The  reaction  is  highly  interesting  and  remarkable  for  the  fol- 
lowing reasons.  Perceptible  light  is  produced  with  the  concentration 
of  pyrogallol  m/32000  i.e.,  1  part  in  254,000  parts  of  solution;  a  faint 
light  is  produced  at  0°C.  and  a  bright  light  at  10°C.;  KCN  inhibits 
the  reaction  in  m/2000  concentration;  boOing  destroys  the  oxidase  just 
as  it  does  luciferase. 

The  pyrogallol  +  H)0)  corresponds  to  luciferin  and  the  vegetable 
oxidase  to  luciferase.  The  light  produced  is  yellowish  white  and  lasts 
two  to  four  minutes  with  an  intensity  about  equal  to  that  of  a  suspen- 
sion of  luminous  bacteria.  The  pyrogallol  is  converted  into  colored 
compounds  by  means  of  the  oxygen  of  HjOi  which  disappears  in  the 
process.  As  we  shall  see  later,  the  oxidase  is  also  used  up  in  the  re- 
action so  that  it  does  not  function  as  a  true  enzjTae.  Whether  luci- 
ferase is  used  up  in  oxidizing  luciferin  is  unknown  at  present  but  I  ex- 
pect to  present  data  on  this  subject  in  a  subsequent  paper.  Hydro- 
gen peroxide  is  necessary  for  light  production  even  when  potato  juice 
is  used  as  the  oxidase  solution,  i.e.,  even  when  a  juice  containing  an 
oxidase  which  will  oxidize  guaiac  tincture  directly  (without  addition 
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of  HtOt)  is  used.  It  is  then  strictly  a  peroxidase  which  is  responsible.' 
Blood  also  gives  the  reaction.  Catslaae  takes  no  part  and  may  be 
destroyed  by  heating  to  60°. 

In  studying  this  luminescent  reaction  more  closely,  I  have  used 
mostly  pure  potato  juice  (i.e.,  the  pressed,  unfiltered  extract  of  grated 
potatoes,  strained  through  cheesecloth  and  decanted  from  the  starch 
grains)  or  a  1  per  cent  ox  blood  extract  (i.e.,  1  gram  of  dried  defibri- 
nated  ox  blood  to  99  parts  water)  added  to  an  equal  volume  of  a  half 
and  half  mixture  of  m/100  pyrogallol  and  3  per  cent  HiOt  (Merck's 
Blue  Label).  The  experiments  will  be  given  in  the  form  of  tables  or 
data  under  the  following  heads: 

1.  Concentration  of  the  three  substances  necessary  for  I^t  produc- 
tion. 

2.  Substances  taking  the  place  of  blood  or  potato  oxidase,  pyrogallol 
and  H,Oi. 

3.  Effect  of  temperature  on  the  reaction.  * 

4.  Effect  of  KCN,  NaOH  and  HCL. 

5.  Effect  of  fat  solvent  anaesthetics. 

6.  Is  the  oxidase  a  catalyzer? 

1.  Concentration  of  the  three  substances  necessary  for  light  produc- 
tion.    (Tables  1,  2  and  3). 

In  general  the  more  concentrated  the  blood  or  potato  juice  the 
brighter  the  light,  and  the  more  concentrated  the  pyrogallol  (to  a  limit) 
the  brighter  the  light,  and  the  longer  it  lasts.  Too  strong  pyrogallol 
precipitates  the  blood  extract  and  potato  juice,  the  former  in  weaker 
concentration  than  the  latter  (see  table  1).  In  about  m/8000  concen- 
tration the  pyrogallol  gives  a  bright  light  with  potato  juice  and  in- 
creasing the  concentration  above  this  does  not  increase  perceptibly  the 
brightness. 

'  The  difference  between  potato  juice,  which  oxidiies  guaiac  without  addition 
of  HtOt,  and  turnip  juice,  which  requires  the  addition  of  HiOt,  appears  to  Le 
in  the  fact  that  the  potato  juice  contains  a  substance  which  oxidizes  spontane- 
ously in  presence  of  oxygen  to  a  pnroxido,  while  the  turnip  juice  doea  not.  Con- 
sequently, we  must  add  a  peroxide  to  the  turnip  juice.  This  gpontaneously  oxi- 
dizable  substance  was  called  by  Bach  and  Chodat  oxyRenase.  Both  juices  con- 
tain peroxidase.  The  "direct  oxidases"  (of  potato)  consist,  then,  of  peroxide 
(oxygenase) -f-  peroxidase,  while  the  "indirect  oxidases"  (of  turnip)  are  peroxi- 
dase alone.  ]n  this  paper  oxidase  is  used  as  s  general  name  for  an  oxidiiine 
eniyme  and  peroxidase  for  an  enzyme  transferring  oxygen  from  a  peroxide  to 
an  oxidizable  substance.  See  the  account  of  this  subject  in  Bayliss'  Principles 
of  General  Physiol.,  1915,  584. 
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TADLE  I 
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0.05 
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Very  faint 

blue 

0,01 
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0,23 
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Blue 

0.11 

Weak 
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0,05 
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0.025 
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Each  substance  must  be  present  in  a  definite  small  concentration  to 
produce  light.  This  is  m/32000  for  pyrogallol,  0.025  per  cent  for 
HjOi,  0.1  per  cent  for  dried  blood  and  5  per  cent  for  potato  juice  {i.e., 
5  parts  pure  potato  juice  to  95  parts  water). 

Note  also  from  tables  2  and  3  that  very  often  the  guaiac  reaction 
can  be  obtained  when,  under  similar  conditions,  no  light  production  by 
pyrogallol  takes  place. 

2.  Substances  taking  the  place  of  oxidase,  pyrogallol  and  HiOi. 


Any  plant  extract  containing  strong  oxidases  such  as  occur  in  tur* 
nips,  sweet  potatoes,  horse  radish,  etc.,  or  any  blood  containing  hae- 
moglobin will  give  light  with  pyrogallol  and  HtOt.  Apple  juice,  which 
oxidizes  tannin,  gives  no  light.  Of  many  invertebrates,  including  in- 
sects, molluscs,  annelids,  crustaceans  and  echiuoderms,  only  extracts 
of  Chiton,  a  tubicolous  annelid  (LaoTWjne  japonica),  and  a  polychaete 
(Nereis  sp?  — )  have  thus  far  been  found  to  give  light.  The  haemocya- 
nin  of  crab  or  squid  blood  does  not,  nor  do  extracts  of  the  luminous 
parts  of  luminous  animals.  -Among  these,  bacteria,  an  annehd,  {Ckae- 
topterus),  a  squid  {Watasenia  scinltllans),  a  crustacean  {Cypridina),  a 
protozoan  {NoclUuca),  a  pennatulid  (Cavemuiaria)  and  the  fire-By 
have  been  tried. 

Among  inorganic  substances,  m/20  K^Fe  (CN)t  gives  a  bright  light, 
ro/10  FeClt  a  fair  light  and  m/40  KMnO«  a  faint  light.  Platinum 
black,  bromine  water,  m/IO  MnCl,,  m/10  FeSOt,m/10  K,CriO,,  m  10 
K,Fe(CN),,  m/10  CuSO*,  or  Fehling's  solution  at  100°  give  no  light. 
In  greater  concentration  these  substances  may  oxidize  sufficiently  to 
give  light  as  does  the  mixture  of  pyrogallol,  NatCOj,  HiOi  and  formal- 
dehyde described  by  M.  Trautz  (8). 

PEROXIOE 

Only  HtOi  will  give  light  with  pyrogallol  and  oxidase.  NatOi, 
BaOt  or  ozonised  turpentine  do  not,  ^though  they  give  a  strong  guaiac 
reaction,  with  the  peroxidase  of  turnip  juice. 

We  must  add  HiOi  to  potato  juice,  which  already  contains  a  peroxide 
whose  oxygen  may  be  transferred  to  guaiac.  It  is  no  doubt  in  too 
small  a  concentration  to  give  light  with  pyrogallol. 
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OXIDIZABLB   SUBSTANCE 

Many  of  the  amino-  and  hydroxy-phenols  are  rapidly  oxidized  by 
potato  juice  +  H,Ot  but  pyrogallo)  was  the  only  one  which  gave  Ught. 
The  following  were  tried  and  all  gave  colored  oxidation  products: 
phenol,  tricresol,  pyrocatechin,  resorcin,  hydrochinon,  orcinol,  a-nap- 
thol,  ortol,  anilin,  o  and  p  toluidin,  a-napthylamin,  guaiacol,  para- 
phenylen-diamine,  amidol  and  pyramidon.  Phloroglucin,  0-napthoI 
and  0-naphtylamin  were  not  oxidized. 

Among  the  glucosides,  vanillin,  amygdalin,  phloridzin,  sahcin,  sa- 
ponin and  aesculin  gave  no  light  with  potato  juice  either  at  20°  or 
60°C. 

3.  Effect  of  temperature  on  the  reaction. 

A  very  faint  light  is  produced  when  pyrogallol  +  HiOj  at  0°  is  mixed 
with  potato  juice  at  0°C.  The  light  is  much  brighter  at  5°  and  quite 
bright  at  10°C.  Pyrogallol  +  HjOj  mixed  with  blood  {1  per  cent) 
gives  no  light  at  0°,  but  a  very  faint  Ught  at  2*0. 

High  temperatures  destroy  the  pyrogallol  oxidase  of  potato  juice. 
This  occurs  between  80"  and  85°  as  indicated  in  table  4.  The  potato 
juice  was  rapidly  heated  to  the  temperatures  50°,  55°,  60°,  etc.,  then 
cooled  -rapidly  in  running  water.  The  destruction  of  catalase,  the 
formation  of  a  precipitate  in  the  potato  juice,  and  the  effect  on  its 
power  to  blue  guaiac  alone,  guaiac  +  HjOi  and  guaiac  -)-  ozonized 
turpentine  are  also  recorded.    Similar  residts  were  obtained  with  tur- 

TABL&4 
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55 
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Blue 
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80 
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85 
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None 
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None 
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None 

None 
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nip  juice.  Blood  does  not  lose  its  power  to  oxidize  pyrogallol  + 
HtOi  with  light  production  or  guaiac  +  HiOi  even  after  ten  minutes 
boOing. 

Note  from  table  4  that  the  pyrogallol  and  guaiac  oxidases  in  pres- 
ence of  H,Oi  are  both  destroyed  between  80°  and  86°  but  that  with 
ozonized  turpentine  the  juice  heated  to  100°  still  blues  guaiac  faintly. 
The  natural  peroxide  (oxygenase)  of  potato  juice  which  disappears  on 
standing  is  destroyed  more  readily  than  the  peroxidase.  Catalase  is 
destroyed  between  55°  and  60°  before  a  precipitate  has  appeared, 
whereas  peroxidase  is  still  active  after  a  precipitate  has  appeared. 

4.  Effect  of  KCN,  NaOH,  and  Ha. 

In  testing  the  effect  of  these  three  substances  equal  parts  of  (1  cc. 
m/160  pyrogallol  +  1  cc.  3  per  cent  H,0»)  and  (potato  juice  +  KCN 
or  NaOH  or  HCl)  were  mixed.    The  table  (5)  gives  also  the  effect  <rf 
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catalase  on  the  blueing  of  guaiac  +  HjOt,  and  the  color  of  indicatora 
added  to  determine  the  amount  of  acid  or  alkali  uncombined  with 
protein.  Neutral  red  is  red  in  neutral  or  acid  solution,  yellow  in  alka- 
lies. "Di-methyl"  is  yellow  in  neutral  or  alkaline  solution,  red  in 
free  acid  solution. 

Note  from  table  5  that  KCN  affects  the  pyrogallol  peroxidase  in 
very  weak  concentratioD  (m/2000)  but  is  not  so  effective  in  destroying 
catalase  or  preventing  the  blueing  of  guaiac. 

NaOH  and  HCl  are  not  so  toxic.  As  we  might  expect  the  HCl  is 
the  more  toxic  of  the  two. 

5,  Effect  of  fat  solvent  anaesthetics. 

Saturation  of  the  potato  juice  or  blood  with  ether  or  chloroform  does 
not  affect  its  power  to  produce  light  with  pyrogallol  +  HtOi.  A 
sample  of  horse  radish  root  eictract  preserved  45  days  under  ether  gave 
a  good  hght  when  mixed  with  pyrogallol  +  HtOi. 

6.  Is  the  oxidase  a  catalyser? 

That  oxidases  in  general  are  not  catalysers  but  are  used  up  in  the 
reaction  has  been  proven  by  the  work  of  Kastle  (9),  who  found  that 
the  amount  of  phenolphthalein  oxidized  is  proportional  to  the  quantity 
of  blood  present,  and  of  Bach  and  Chodat  (10),  who  found  that  the 
amount  of  pyrogallol  oxidized  to  purpurogallin  is  proportional  to  the 
amount  of  peroxidase  and  also  to  the  amoimt  of  HiOi  present  but  in- 
dependent of  the  quantity  of  pyrogallol,  providing  the  pyrogallol  is 
present  in  excess  of  the  quantity  capable  of  being  oxidized  by  peroxi- 
dase and  HtOt'  Melanin  formation  by  tyrosinase  is  also  proportional 
to  the  amount  of  tyrosinase  present  (11)- 

The  peroxidase,  therefore,  transfers  the  0  of  HjOi  to  the  pyrogallol 
and  the  HiOi  pyrogallol  and  peroxidase  are  all  changed,  i.e.,  used  up 
in  the  reaction.  If  we  represent  the  peroxidase  by  P  and  the  pyrogallol 
by  B  the  reaction  must  take  place  as  follows: 

P     -f-  2H,0,  =  PO,    -f-  2H,0 
PO,  +  B  =  PO     +  BO,  (1) 

and  not  as: 

P     +  2H,0  =  PO,  +  2H,0 

PO,  +  2B      =  P     -I-  2B0  (2) 

Note  that  in  the  first  equations  the  peroxidase  (P)  is  used  up  and  in 

the  second  equations  it  acts  as  a  true  catalyser  and  is  regenerated  again. 

That  the  peroxidase  of  turnip  juice  is  used  up  so  far  as  its  power  to 
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cause  light  production  in  pyrogallol  is  concerned  is  indicated  in  the 
following  experiment: 

If  1  cc.  m/10  pyrogaliol  +  4  cc.  HjOi  (3  per  cent)  is  mixed  with  5 
cc.  turnip  juice  heated  to  80°  (to  destroy  the  catalase  and  weaken  the 
peroxidase),  a  very  faint  light  is  produced.  A  small  amount  of  peroxi- 
dase is,  therefore,  present.  The  mixture  is  allowed  to  stand  for  24 
hours  at  22°C.  and  then  fresh  turnip  juice  added.  A  good  light  re- 
sults, showing  that  the  pyrogallol  has  not  been  changed  by  a  small 
amount  of  peroxidase  when  a  long  time  has  been  allowed  for  the 
reaction  to  proceed.  The  pyrogallol  was  turned  a  light  brown  by  the 
small  amount  of  peroxidase  and  this  color  had  Hot  deepened  in  24 
hours,  but  did  deepen  immediately  when  the  additional  quantity  of 
peroxidase  was  added.  A  small  quantity  of  "enzyme"  cannot,  there- 
fore, transform  an  indefinite  amount  of  pyrogallol.  A  similar  result 
was  obtained  with  a  weak  haemoglobin  solution,  0.1  per  cent  dried 
blood  extract. 

That  a  large  quantity  of  peroxidase  can  be  used  up  by  addition  of 
successive  amounts  of  pyrogallol  (i.e.,  by  "titrating"  the  peroxidase) 
can  foe  shown  as  follows: 

To  10  cc.  potato  juice  heated  to  60°  (to  destroy  catalase  and  conse- 
quent ff>aming  due  to  liberation  of  0  from  HiOi)  is  added  2  cc.  of  a 
mixture  of  equal  parts  m/10  pyrogallol  and  3  per  cent  HiO}.  L^ht 
results.  When  this  has  disappeared  (about  2-3  minutes)  2  more  cubic 
centimeters  of  the  pyrogallol-HjOi  mixture  is  added  and  a  very  faint 
ligbt  results.  On  adding  a  further  2  cc.  no  light  appears.  There  is, 
bowever,  in  the  final  mixture  plenty  of  pyrogallol  -|-  HjOi  to  produce 
light  as  may  be  shown  by  adding  fresh  potato  juice  when  abundant 
light  appears.  The  peroxidase  has  been  completely  used  up.  A  simi- 
lar experiment  with  blood  extract  gave  a  similar  result. 

SIJIIHART 

1.  Pyrogallol  gives  ofiT  a  yellowish  white  light  about  equal  in  int«n- 
Bty  to  a  suspension  of  luminous  bacteria  when  oxidised  by  blood  ot 
plant  juices  (oxidases)  in  presence  of  UiO|. 

2.  The  light  is  visible  in  ver>-  weak  concentrations  of  pyrogallol, 
rix..  m  32000  or  1  part  to  254,000  parts  solution.  H,Ot  must  be  pres- 
€»i  in  at  least  O.C^  per  cent,  blood  in  0.1  per  cent  (dried  defibri- 
nated  blood'  and  potato  juice  in  3  per  cent  (fresh  pure  juice)  to  give 
a  ju^  visible  li^t. 
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3.  Of  many  easily  oxidizable  hydroxy-  and  amino-phenols  only  pyro- 
gallol  gives  light.  K*Fe{CN),,  KMnO,  or  FeCl,  may  take  the  place 
of  the  oxidase.  Na»Oi,  BaOj  or  ozonized  turpentine  will  not  take  the 
place  of  the  H,Oj.  Animal  extracts  except  those  of  some  marine  an- 
nelids and  Chiton  do  not  give  light. 

4.  Light  is  produced  at  0°  and  a  bright  light  at  10°C.  The  oxidase 
of  plant  juices  is  destroyed  between  80°  and  85°. 

5.  KCN  inhibits  the  light  production  in  very  weak  concentration, 
m/1280  to  m/2560.  NaOH  inhibits  in  n/40  and  HCI  in  n/80  concen- 
tration. 

6.  Ether  and  chloroform  have  no  effect  on  the  l^ht  production. 

7.  The  oxidase  is  not  a  true  catalyser  but  is  used  up  in  transferring 
oxygen  from  HtOi  to  the  pyrogallol. 

8.  The  reaction  is  compared  with  the  production  of  light  by  lumi- 
nous animals  which  it  mimics  very  closely. 
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The  fact  that  a  great  many  physiological  and  pathological  condition 
are  attended  by  a  variation  in  the  number  of  corpuscles  and  in  oth» 
constituents  of  the  blood,  has  naturally  led  to  an  investigation  of 
the  effect  of  hibernation  on  the  composition  of  the  blood.  It  is  well 
known  that  during  this  period  of  lethargy,  lasting  three  or  four  months 
and  even  longer,  there  may  be  almost  continuous  sleep  and  there 
may  have  been  no  ingestion  of  food  or  water  whatsoever.  In  conse- 
quence there  is  a  loss  in  the  body  weight  amounting  to  as  much  as 
one  fourth.  The  body  temperature  may  fall  from  38°C.  to  only  a 
few  degrees  above  0°C.  and  practically  all  the  vital  processes  are  re- 
duced far  beyond  that  met  with  in  many  other  conditions  that  are 
known  to  have  a  marked  effect  on  the  blood. 

Vierordt  (1)  was  not  only  a  pioneer  in  the  accurate  counting  of  blood 
corpuscles,  but  also  the  first  to  describe  a  change  in  their  number  dur- 
ing hibernation.  In  the  marmot  he  found  5,800,000  red  corpuscles 
per  cmm.  at  the  beginning  of  winter-sleep,  while  at  the  end  of  this 
period  be  found  only  2.300,000.  According  to  Valentin,  (2)  he  also 
found  that  the  corpuscles  diminished  in  size  as  well  as  in  number. 
Quincke  (3)  similarly  found  at  the  end  of  hibernation  (May  17)  in 
the  marmot  only  3,500,000  red  cells,  or  70^  of  the  number  found  dur- 
ing the  summer.  Hem<^lobin  dctenninations  showed  only  8.8  per 
cent  or  64  per  cent  of  the  normal  amount  of  this  pigment.  Quincke 
took  the  blood  from  the  pulsating  heart.  He  found  the  erythrocytes 
to  be  of  the  usual  form  but  of  various  siies,  and  some  of  them  contained 
yellow  droplets. 
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Quincke  thought  that  he  saw  in  the  spleen,  red  bone  marrow  and 
liver,  during  hibernatioa,  abundant  evidence  of  the  dimntegration  of 
red  corpuscles.  In  the  capillariee  of  the  liver,  for  example  he  found 
leucocytes  containing  iron-holding  granules,  especially  in  old  marmots. 
These  granules  were  blackened  with  sulphide  of  ammonium.  He  con- 
cluded that  the  iron  from  the  broken  down  red  cells  must  accumulate 
in  these  ot^ans  and  later  serve  as  a  source  of  iron  in  the  regeneration 
of  new  corpuscles.  These  pigm^it  granules  containing  iron  were  later 
observed  by  Carlier  (4)  to  be  present  in  the  bile  capillaries  in  the  hiber- 
nating hedgehog.  He  also  found  in  the  liver  and  in  the  large  veins 
coining  to  the  liver,  large  rounded  or  oval  mononucleated  cells,  the 
cytoplasm  of  which  often  contained  iron-holding  p^ment.  He  be- 
lieved that  these  large  cells  were  macrophages  which  had  wandered 
into  the  liver  after  having  absorbed  pigment  resulting  from  the  de- 
struction of  erythrocytes.  Unlike  Quincke,  however,  he  does  not  think 
that  this  pigment  is  stored  in  the  hver  for  future  use,  but  that  it  simply 
accumulates  there  owing  to  the  sluggish  state  of  the  excretory  function 
of  that  organ  during  hibernation.  Later  the  pigment  is  most  likely 
excreted  as  usual,  since  he  found  that  the  hver  did  not  appear  to  be  a 
blood-producing  organ  after  the  animal  wakes  up  from  winter-sleep. 

The  red  corpuscles  were  also  counted  by  Dubois  (5)  in  a  number  of 
marmots  at  various  times  from  November  to  May.  Hia  table  of  re- 
sults shows  that  with  the  progress  of  hibernation  there  is  a  slight  in- 
crease in  the  number  of  erythrocytes,  both  in  arterial  and  in  venous 
blood  (the  blood  being  from  the  larger  vessels),  until  towards  the  end 
of  this  period,  at  which  time  there  is  a  decrease  from  over  5,000,000 
to  less  than  3,000,000  per  c.mm.  while  the  animal  is  still  torpid,  and 
to  about  2,000,000  when  the  animal  wakes  up.  In  two  cases  the 
exact  figures  may  be  given  with  profit. 
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February  15... 

MayU 

May  U 

Torpid 
Awake 

Torpid 
Awake 

5,6 
34.2 

15.0 
3S.0 

5,320,000 
4,730,000 

2,930,000 
2,070,000 

5,765,000 
4,905,000 

2,540,000 
2,630,000 

5,675,000 
5.885,000 

The  extremely  low  figures  for  the  animal  examined  on  May  11  were 
checked  up  by  hemoglobin  determinations,  which  showed  only  8.5 
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per  ceDt  hemoglobin  in  tlie  arterial  blood  and  7.30  per  cent  to  7.75 
per  cent  in  the  venous  blood  while  the  animal  was  asleep  with  a  rectal 
temperature  of  15''C.  When  this  same  animal  woke  up  on  the  same 
day  and  the  body  temperature  had  increased  to  35°C.  there  was  still 
less  hemoglobin,  especially  in  the  arterial  blood.  The  figures  given 
are  7.25  per  cent  to  7.50  per  cent  for  both  the  venous  and  the  arterial 
blood.  The  hemt^lobin  determination  thus  checks  well  with  the  "blood 
count,"  since  at  the  beginning  of  hibernation  there  was  about  double 
this  amount  of  hemoglobin. 

It  appears  from  these  figures,  therefore,  that  there  is  a  distinct  de- 
crease in  the  number  of  red  corpuscles  when  the  animal  wakes  up  both 
during  mid-hibernation  and  at  the  end  of  this  period. 

The  gradual  increase  in  the  number  of  erythrocytes  at  the  first 
progress  of  hibernation  which  Dubois  noted,  he  attributes  to  an  in- 
crease in  the  specific  gravity  of  the  blood  due  to  loss  of  water,  for  he 
found  the  density  of  whole  arterial  blood  of  the  hibernating  marmot 
to  be  1.071  and  defibrinated  arterial  blood,  1.0654.  The  corresponding 
figures  for  the  awake  marmot  are  1.046  and  1.0525.  The  great  de- 
crease in  the  number  of  red  corpuscles  at  the  end  of  winter-sleep  he 
takes  to  indicate  that  there  is  an  actual  destruction  of  these  cells. 

Polimanti  (6)  gives  the  following  table  as  the  results  of  the  enumera- 
tion of  the  red  corpuscles  of  four  marmots  by  means  of  the  Thoma- 
Zeiss  apparatus: 
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Dormant  30  daya 
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of  hibernation 
Awake,  October 
Awake,  September 

5  250,000 
5,350,000 
5,400,000 
5,500,000 

4,540,000 

4,500,000 
4,650,000 

4,700,000 

5,450,000 
5,565,000 
5,610,000 
5,760,000 

4,900,000 

4,950,000 
5,000,000 
5,100,000 

5,620,000 
5,700,000 
5.780,000 
5,850,000 

5.150,000 

5,200,000 
5,150,000 
5,200.000 

His  figures  on  the  hemoglobin  content  of  the  blood  of  four  marmots 
during  winter-sleep  and  again  when  awake  show  an  average  per  cent 
of  18.62  in  carotid  blood,  11.06  in  jugular  blood  and  25.82  in  portal 
blood  during  hibernation,  and  15.905,  15.46  and  21.22  respectively 
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wheD  awake  and  active.  The  blood  from  the  jugular  vein  is  the  only 
case  where 'during  hibernation  there  is  less  hemoglobin  than  during 
the  waking  state.  Besides  indicating  a  greater  percentage  of  hemo- 
globin in  the  arterial  and  the  portal  blood  during  hibernation,  and  thus 
in  general  verifying  the  corpuscle  count,  these  figures  show  an  increas- 
ing quantity  of  hemoglobin  as  you  go  from  the  jugular  vein  to  the 
carotid  artery  and  finally  to  the  portal  vein.  This,  he  thinks,  indicates 
that  there  is  an  unequal  distribution  of  the  red  corpuscles  in  the 
various  vascular  zones.  His  table  given  above  shows  that  in  this  par- 
ticular the  carotid  and  jugular  blood  ought  to  be  interchanged  in  order 
to  agree  with  the  hemoglobin  determinations.  Incidentally  it  might 
be  noted  that  the  erythrocytes  are  most  numerous  in  the  portal  blood. 
Upon  the  theory  that  the  increase  in  the  number  of  red  cells  following 
exercise  and  other  factors  that  increase  blood  pressure  is  due  to  bringing 
into  circulation  more  of  the  corpuscles  that  tend  to  settle  down  in  the 
splanchnic  area  during  a  slower  circulation  (7),  one  might  expect  even 
a  comparatively  greater  number  of  erythrocytes  in  the  portal  blood 
during  such  a  sluggish  circulation  as  is  seen  in  hibernation. 

Polimanti's  figures  are  in  general  agreement  with  those  of  the  pre- 
vious authors,  except  that  the  decrease  at  the  end  of  winter-sleep  is 
not  nearly  so  great  as  reported  by  them.  He,  like  Dubois,  considers 
the  slight  increase  during  the  pn^rese  of  hibernation  as  being  only 
apparent  and  as  explainable  by  the  increase  in  the  specific  gravity  of 
the  blood.  He  found  in  the  case  of  three  marmots  that  the  density 
of  the  blood  on  November  15,  1895,  during  the  normal  waking  state 
was  1.045,  1.050  and  1.037.  On  March  10,  1896,  the  corresponding 
figures  were:  1.080,  1.075  and  1.065.  At  this  latter  date  the  animals 
were  hibernating.  That  the  blood  loses  water  during  hibernation 
is  indicated  by  the  work  of  Aeby  (8)  who  analysed  the  various  tissues 
and  organs  of  the  marmot  for  the  water  and  the  ash  contents  during 
the  early  part  of  hibernation  and  again  during  the  latter  part  of  this 
period.  He  found  the  blood  in  the  early  part  of  winter-sleep  to  con- 
tain 83  per  cent  water,  17  per  cent  dried  solids,  0.87  per  cent  ash  in 
the  fresh  blood  and  5.11  per  cent  ash  in  the  dried  soUds.  In  the  latter 
part  of  the  dormant  period  the  corresponding  figures  are  78.63  per  cent 
water,  21.37  per  cent  dried  solids,  0.91  per  cent  ash  in  the  fresh  blood 
and  4.26  per  cent  ash  in  the  dried  solids.  Dubois  obtained  venous 
and  arterial  blood  from  the  femoral  vessels  and  dried  in  at  a  tempera- 
ture of  100°C.  over  sulphuric  acid  and  found  84.51  per  cent  water  in 
the  arterial  blood  and  83.70  per  cent  water  in  the  venous  blood  of  an 
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active  marmot  with  a  rectal  temperature  of  35°C.  In  a  donnaot 
marmot  with  a  rectal  temperature  of  11°C-,  the  correflpontiing  Ggurca 
ol>tained  were  79.76  per  cent  water  in  the  arterial  and  80.23  per  cent 
in  the  venous  blood.  This  is  au  averse  loss  of  about  4.11  per  cent. 
Polimanti  similarly  observed  a  decrease  in  the  water  content  of  the 
blood  of  the  hibernating  marmot  amounting  to  about  4.6  per  6ent. 

In  regard  to  the  white  corpuscles,  Quincke  found  that  they  were  pres- 
ent u)  fair  quantities  during  hibernation  and  were  not  practically  absent 
as  was  stated  by  Valentin.  According  to  Quincke,  Valentin  explained 
this  reduction  in  the  white  cells  as  being  due  to  the  aibsence  of  lymph, 
which  he  thought  conveyed  the  leucocytes  into  the  blood  stream.  A 
table  of  the  actual  number  of  white  corpuscles  found  by  Dubois  (wrong- 
ly attributed  to  Quincke  by  Polimanti,  p.  186)  in  the  marmot  shows 
that  in  the  carotid,  jugular  and  portal  blood  of  a  hibernating  animal 
witJi  a  rectal  temperature  of  8.6°C.  there  were  respectively  4,000, 
7000  and  9000  leucocj-tes;  while  in  an  active  animal  with  a  rectal  tem- 
perature of  34.2°C.  the  corresponding  numbers  were  7000,  12,000  and 
9000.  It  appears  from  this  that  the  arterial  blood  is  especially  poor 
in  white  corpuscles  during  winter-sleep.  The  increase  in  the  num- 
ber of  white  cells  in  the  blood  vascular  system  generally  and  especially 
in  th«  veins  in  the  active  state  is  explained  by  Dubois  as  being  due  to 
the  greatly  increased  circulation  of  peritoneal  l>'mph  at  the  time  of 
waking  up.  The  fart  that  there  is  no  such  increase  in  the  portal  blood 
at  this  time  he  thinks  is  prol^bly  due  to  the  fact  that  the  large  hm- 
ph.ttic  trunks  alnnit  the  ponal  vein  do  not  empty  into  the  portal  vein, 
htit  course  directly  into  the  liver, 

Carlier  [p.  97*  found  that  in  the  hedcehop  during  hibnnatitm  th^e 
is  a  trrcat  increase  in  the  nuinl^r  of  wandering  cells  in  the  connective 
tissiic  of  the  muciMis  aiid  submucvus  cost*  of  the  stomach  and  in  some 
other  pUces-  He  thinks  th,-)t  these  <v;':s  are  white  corpuscles  that  have 
micrated  frt^m  the  circubiir.i:  b\i«>i.  He  cites  in  support  of  this 
ivii'A  the  f,-»ci  thsi  nonii.-i;iy  ii-,;rir,?;  the  active  state  the  blood  of  this 
ar.ima]  «>*:na;:-.s  fr>'«i:i  IS.iXX''  lo  i»A>V  !curtic>-tes  per  cjnm.,  but  the 
numlxT  fai'.s  s-.j.i.iciily  dit  the  vvt>'  c*^ni::ieiicemeflt  erf  winter-sleep 
to  f:>v.n  hVXl  jo  iLXX*.  M  the  s.-t;:ic  tiae  be  noted  that  the  red  cor- 
jv.'.^.-jes  show,  if  *n\Th;r.e,  rsThi-r  ar.  jr.i-rfAs*  in  nomhw.  Polimanti 
s; :•.-,•. '.■*-;>  showi-\^  iJ„tt  i:;  tho  n-.:irr.-.oi  ;ht.-e  i>  a  marked  decrease  in 
:hc  n;;r.-,":>T  »■>:'  f;T>r,:',^:;r.«  »h::e  fv»n>'.;*K- ".«-^  whirh  be  also  explains  at 
Sf.rc  ii.:c  to  .i;A',>\;i's;s  wh;-h  a'wsj'e  (o.-mts  d'.iriag  faiberaatioQ  and 
i«h;.-h  »5  *'.#»^  ix>.;vr.s:",  'o  for  ;hf  lazr*  ir.-.xir.i  o:  hmpb  foond  in  the 
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peritonea]  cavity  in  winter«leep.  His  figures  for  the  same  animalfl 
and  under  the  same  conditions  as  those  mentioned  in  connection  with 
his  red  count,  are  strictly  m  agreement  with  those  given  by  Dubois 
and  show  an  average  of  3850,  6898  and  8663  per  cmm.  of  blood  from 
the  carotid  artery,  jugular  vein  and  port.al  vein  respectively,  during 
hibernation ;  while  the  corresponding  figures  for  various  periods  of  the 
active  st^e  are:  6535,  11,148  and  9020. 

All  the  data  that  have  been  found  so  far'on  this  subject  seem  to 
warrant  the  conclusion  that  diuing  hibematioD  in  warm  blooded  ani- 
mals there  is  a  great  reduction  in  the  number  of  circulating  leucocytes. 
In  the  European  marmot,  which  has  been  investigated  most  thoroughly, 
this  reduction  amounts  to  about  one  half. 

Very  little  work  has  been  done  on  differential  counting  of  the  white 
corpuscles  during  hibernation.  Argaud  and  BiUard  (9)  induced  dor- 
mice to  hibernate  in  the  summer  by  depriving  them  of  food.  After 
ten  days  of  such  sleep,  they  found  only  a  few  white  cells  in  the  blood 
and  these  were  of  the  mononuclear  type. 

It  is  interesting  in  this  connection  to  note  that,  while  there  is  a  great 
deal  of  disagreement  in  the  results  of  blood  examination  during  long 
inanition  in  man  and  other  animals,  many  authors  report  striking 
alterations  in  the  number  and  formula  of  the  leucocytes,  indicating  in 
general  that  there  is  a  decrease;  a  slight  absolute  loss  of  both  red  cor- 
puscles and  hemoglobin,  although  these  elements  seem  to  be  very 
resistant;  a  tendency  towards  a  concentration  of  the  blood  and  hence 
an  increase  in  the  specific  gravity  due  to  the  loss  of  water,  with  a 
sUght  relative  increase  in  hemoglobin  and  erythrocytes.  Upon  re- 
feeding  there  is  a  relative  decrease  in  the  hemoglobin,  red  corpuscles 
and  specific  gravity  due  to  the  acquisition  by  the  blood  of  water  faster 
than  other  elements.  Yet  a  month  of  fasting  (water  being  allowed) 
by  man  may  show  surprisingly  little  or  no  change  in  these  respects  (10). 

PRESENT   INVESTIGATION 

The  work  reported  here  is  based  upon  observations  carried  out  dur- 
ing the  last  three  years  on  the  woodchuck  (Marmota  monax),  a  rodent 
which  hibernates  profoundly  three  or  four  months  each  year  without 
having  anything  to  eat  or  drink  during  this  time.  These  animals 
were  captured  uninjured  in  this  vicinity  (Ithaca,  N.  Y,),  and  were  kept 
in  the  artificial  burrows  designed  by  Dr.  Simpson  of  this  laboratory 
and  described  in  detail  elsewhere  (II).     Many  of  the  animals  were  used 
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a  few  days  after  being  captured.  While  in  captivity  they  were  sup- 
plied with  abundant  food  and  water.  Those  investigated  while  dor- 
mant were  obtained  usually  in  September  and  fed  till  hibernation  set 
in.  The  conditions  of  the  artificial  burrows  are  such  that  there  is  no 
reason  to  believe  that  the  animala  kept  in  them  will  not  be  representa- 
tive of  those  in  the  natural  burrows.  Some  of  the  animals  were  kept 
till  spring  and  allowed  to  wake  up.  A  number  of  these  animals  were 
investigated  before  they  had  recommenced  to  feed  and  others  were 
fed  for  some  time  and  then  examined.  A  number  of  animals  were  also 
obtained  fresh  from  the  field  in  the  early  spring  after  feeding  had  com- 
menced. A  much  larger  number  of  animals  would  have  been  desir- 
able especially  during  some  of  the  stages,  but  due  to  the  escape  of  32 
animals  of  one  series  through  a  hole  accidentally  or  maUcioualy  made 
in  the  metal  wall  of  the  inclosure  at  a  late  date  in  autumn  when  no 
more  could  be  obtained,  and  the  death  of  about  15  of  another  series 
during  the  fall  and  winter,  the  number  of  animals  was  unintentionally 
decreased. 


The  active  animal  was  rapidly  anaesthetized  with  ether  by  being 
put  into  a  small  box  in  which  ether  had  been  placed  some  time  pre- 
viously. The  onset  of  anaesthesia  was  rapid  and  not  attended  with 
marked  struggling.  Since  the  duration  of  the  ether  anaesthesia  before 
the  blood  determinations  were  made  was,  asa  rule,  less  than  twenty 
minutes,  there  ought  to  be  but  little  error  in  the  relative  results  from 
these  disturbing  factors.  The  dormant  animal  was  either  not  given 
any  anaesthesia  at  all,  or  was  given  chloretone  one  hour  before  the 
operation  and  was  kept  undisturbed  in  a  basket  of  straw  or,  if  practi- 
cable, in  its  habitual  burrow  until  the  operation  was  commenced.  It 
was  found  necessary  to  give,  even  to  the  active  animal,  twice  the  dose 
prescribed  for  the  rabbit.  In  order  not  to  introduce  too  much  Uquid 
into  the  rectum  and  thus  dilute  the  blood  appreciably,  2  cc.  of  50  per 
cent  alcohol  containing  0.3  gram  of  chloretone  was  given  per  rectum 
for  each  kilogram  of  body  weight.  This  did  not  disturb  the  animal 
noticeably  and  the  blood  determination  from  such  animals  compared 
well  with  those  not  given  any  anaesthetic.  Chloretone  was  given  in 
order  not  to  disturb  the  animal  by  the  prehminary  operation  involved 
in  exposing  the  vessels,  since  the  object  was  to  determine  the  condi- 
tion of  the  blood  in  the  dormant  animal,  and  since  after  the  blood  deter- 
minations,  other   experiments   were   frequently   planned    which   de- 
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manded  an  undisturbed  animal.  The  use  of  a  little  cocaine  as  a  local 
anaesthetic  while  isolating  the  vessels  was  also  resorted  to  in  some  cases. 

Semi-dormant  animals  were  either  given  cbloretone,  aided  by  co- 
caine as  a  local  anaesthetic,  or  ether.  This  point  will  be  discussed  in 
connection  with  the  results. 

Blood  was  obtained  from  the  carotid  artery  (in  a  veiy  few  cases 
from  the  femoral  artery)  by  means  of  a  glass  cannula  and  a  short 
rubber  tube.  The  cannula  and  rubber  tube  were  washed  out  by  allow- 
ing a  little  blood  to  escape  and  then  from  1  to  2  cc.  of  blood  was  col- 
lected in  a  small  paraffined  vessel.  The  pipettes  of  the  Thoma-Zeiss 
haemocytometer  and  the  Gowers-Haldane  haemoglobinometer  were 
then  filled  in  rapid  succession  and  four  cover  glass  smears  were  made. 
These  smears  were  later  stained  with  Wright's  blood  stain.  The  cannula 
and  rubber  tube  were  again  flushed  out  with  blood  and  a  fresh  sup- 
ply amounting  to  nearly  6  cc.  was  collected  in  a  small  specific  gravity 
bottle.  The  stopper  was  carefully  inserted  so  as  to  inclose  no  air 
bubbles  and  the  bottle  wiped  free  from  blood  on  the  outside  with  a 
moist  cloth.  The  weight  of  the  blood  was  compared  with  an  equal 
volume  of  distilled  water  at  the  same  temperature.  Thus  a  vety 
accurate  determination  of  the  specific  gravity  was  possible. 

In  case  of  the  erythrocytes  at  least  400  and  in  case  of  the  leucocytes 
at  least  800  squares  were  counted,  and  at  least  two  samples  were  tak^i 
from  the  pipette.  The  same  counting  chamber,  cover  glass  and  pipettes 
were  used  through  the  entire  series,  and  furthermore  the  cover-glass 
was  placed  with  the  same  side  down  and  as  nearly  in  the  same  posi- 
tion as  could  be  judged  by  the  outline  of  the  square  coverglass  which' 
had  been  scratched  on  the  counting  chamber.  With  these  and  the 
other  usual  precautions  necessary  to  the  obtaining  of  reliable  results, 
together  with  the  advantage  of  having  an  ample  supply  of  fresh  blood 
direct  from  a  large  artery  and  plenty  of  time  to  fill  the  pipette  ac- 
curately, the  figures  obtained  are  believed  to  be  free  from  serious  oror. 

The  Gowers-Haldane  clinical  method  of  hemoglobin  determination 
was  considered  sufficiently  accurate  under  the  conditions,  and  hence 
the  results  are  really  in  percentages  of  nonnal  oxygen  capacity  {18.5 
volumetric  per  cent)  of  man,  which  usually  means  about  14  per  cent 
hemoglobin.  Since  no  standard  for  the  woodchuck  exists,  only  the 
relative  amount  of  hemoglobin  is  indicated. 
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REStTLTS 

The  results  are  placed  in  the  tables  below. 

(Troup  I.     Before  hibernation.     Anima 


D.T.Or 

*»™*.. 

WB. 

ATMOm 

Niunbei 

8«. 

Whit« 

R«i 

TTTB) 

aUTITT 

I91S 
November  22.... 
December  13.-.. 

1916 
Julys  .. 

2-SI 
1+-SI 

S-8III 

6-siri 

12HSIII 

i7-siri 

19-SIII 

20-siri 

26-8111 

28-sni 

29-8111 
37-SIII 

39-srir 
40-sni 

9 
cT 

9 
9 
cf 
9 
9 

9 
9 
9 
9 
(f 
9 

37.2 
35  8 

36.1 

36.7 
36.7 
36.7 
3S5 
383 
37.2 
36.9 
36.5 
36.0 
370 

2440 
2650 

2757 
2461 
2690 
2760 
2771 
3100 
3130 
2284 
2230 
1725 
1730 
1622 

18,440 
12,132 

14,000 
12,300 
10,800 
3,900 
10,300 
11,700 
13,500 
15,500 
13,000 
18,450 
9,950 
6,550 

6,229.600 
5.864,000 

7,748,000 
5,542,000 
5,268,000 
5,464,000 
6,106,000 
6,263,000 
6,580,000 
6,075,000 
7,418,000 
7,298,600 
5,150,000 
5,942,000 

109 
100 

118 
100 
90 
94 

no 

110 
108 
100 
114 
114 
90 
98 

1  0501 
1-0597 

July  20 

July  29 

August  2 

August  5 

August  20 

August  24 

August  26 

November  6 

November  20. .. . 
November  23..,. 

1.0555 
1.0540 
1.0627 
1.0625 
1.0641 
1.05SS 
1,0633 
1  060S 
1.0566 
1.M77 

Averane 

2460 

12,180 

6.210,586 

1039 

R.  B.  W.,  Reduced  body  weight.    R.  T.,  Rectal  temperature. 
Group  II.     During  kihernalion.     AnitnaU  dormant. 


i>*T.or 

A««»L 

^nimvtTiON 

Nranbet 

8« 

R,T.C 

R.B.W 

whii. 

R*l 

"**"" 

19H 

Februarys 

February  28 

March  14 

ms 

December  18  ... 
December  28... 

me 

February  7 

February  26 

March  4 

March  6 

5-SI 

7-SI 
9-SI 

42-SlII 
45-SIII 

48-SIir 
51^111 
52-SIlI 
53-SIlI 

9 
9 

9 
9 

d' 
9 

d" 

8 
!2 
11 

9 
10 

6 
7 
10 
12 

2225 
2475 
1375 

2100 
2046 

813 
1635 
IMS 

1849 

6,300 
7,600 
5,432 

4,360 
10,050 

800 
7,200 
5,050 
6,800 

5,357,000 
5,641,000 
5,976,700 

5,832,000 
7,949.000 

6,678,000 
6,928,000 
6,768,000 

7,796,000 

99 
95 
100 

100 
115 

100 
108 
102 
114 

1  05S7 
1  0509 
1.0594 

I.OS54 
I  0647 

1.0600 
1.0581 
1.056S 
1  062S 

Averaee 

1747 

5,955 

6,547,300 

103  7 

.,  ttoduced  l>ody  weight.    R.  T.,  Rectal  temperature. 
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Group  III.     During  kibtrnation.     AnimaU  tluggith  or  temi-dormanl 


a™al 

<B; 

»K.r.c 

NuaW 

f« 

Whit* 

Red 

OUVITT 

1915 
December  21-.., 

1916 
Februarys 

43-SIII 

49-Sin 
55~8III 

d" 

19 

23 
24 

2525 

1615 
1355 

34,000 

22,250 
19,400 

7,606,000 

7,524,000 
7,528,000 

118 

114 
110 

1.065* 
1.0608 

Average 
age 

1832 

25,217 

7-,552,667 

114 

R.  B.  W.,  Reduced  body  weight.    R.  T..  Rectal  temperature. 
Group  IV.    After  hibernation.    AnimaU  aieake  and  active.    Nothing  to  eat  or  drink. 


.»,».L 

CO.,™:™ 

TIV.) 

OBHITATIOH 

Nan  be 

s» 

whiu. 

R«d 

OUflTT 

I91i 

March  18 

March  25 

March  28 

191$ 
February  26 

11-SI 
13-SI 
14-SI 

90-SIII 
56-SIII 

9 
9 

36 
34 
35 

35 
34 

1325 
2175 
1725 

2936 
2210 

12,286 

8,600 
4,767 

7,750 
9,650 

6,666,000 
6,556,000 
6,934,000 

7,363,000 
7,338,000 

114 
116 
115 

116 
109 

1  0600 
1.0628 
1.0648 

1.0659 

Average 

2074 

8.607 

6,971,400 

114 

R.  B.  W.,  Reduced  body  weight.    R.  T..  Rectal  temperature. 
Group  V.     After  hiberitation.     AnimaU  ateake  and  active. 


.H...:.L 

co»™;i.«» 

(BIU- 

OBIBBTtTIOH 

Number 

Se. 

Wbite 

H«l 

OHVITT 

19H 

15-SI 
14-SI I 

59-sni 

60-8111 
6I-SIII 
64-SIII 
S6-SIII 
67-SIII 
6S-SIII 

d" 

9 

d" 
9 
9 
9 
d- 
9 
9 

36 

37,7 

36 
375 
35 
37 

37 
38 

1803 

1550 

1775 
1175 
1511 
1695 
2420 
1680 
1810 

9,067 
7,200 

5,400 
13,550 
11,700 

5,800 
10,300 
17,000 
11,460 

5,506,000 

4,880,000 

5,176,000 
4,936,000 
7,416,000 
4,644.000 
5,328,000 
5,094,000 
5,188,000 

92 

82 

90 
85 

115 
75 

100 
84 
85 

19IS 

1916 

April  22 

April  24 

April  28 

May  4 

May  10 

May  12 

1  0515 
1.0493 
1,0611 
1.0480 
1,0569 
1  0491 

Average 

1714 

10,285 

5,352,000 

89,8 

1  0520 

I    . 

10,108 

5.094,000 

86.6 

R.  B.  W.,  Reduced  body  weight.    R.  T.,  Rectal  temperatui 
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An  examination  of  the  above  results  shows  that  in  fourteen  wood- 
chucks,  in  the  active  state,  during  the  summer  and  autumn,  the  num- 
ber of  red  corpuscles  per  c.mm.  varies  from  5,150,000  to  7,748,000, 
with  an  average  of  6,210,586.  The  relative  amount  of  hemoglobin 
varies  from  90  to  118,  with  an  average  of  103.9.  The  specific  gravity 
ranges  from  1.0540  to  1.0641,  with  an  average  of  1.0595.  If  the  specific 
gravity  of  the  blood  of  seven  other  animals,  used  for  other  experimente, 
be  considered,  the  limits  in  a  total  of  twenty-one  animals  are  1.0540 
and  1.0658  with  practically  the  same  average,  or  1.0596.  The  individual 
variations  in  the  erythrocytes,  hemoglobin  and  specific  gravity  usually 
run  more  or  less  parallel  in  this  as  well  as  in  the  other  groups.  The 
white  corpuscles  range  from  3900  to  18,450,  with  an  average  of  12,180. 
Only  in  one  case  is  there  any  exceptional  departure  from  the  usual 
variations  characteristic  of  a  leucocyte  count. 

From  the  figures  in  the  second  group  of  nine  dormant  animals  whidi 
were  examined  at  various  intervals  during  hibernation  (December  to 
March)  it  is  evident  that  in  the, case  of  the  red  cells  there  are  about  the 
same  limits  to  the  variations  and  an  average  of  6,547,300,  or  about  5 
per  cent  more  than  during  the  active  state  before  hibernation;  while 
the  average  specific  gravity  and  the  average  amount  of  hemoglobin 
remain  practically  the  same  as  in  the  first  group.  By  including  three 
more  animals,  the  specific  gravity  of  whose  blood  waa  examined  while 
dormant,  the  average  is  raised  slightly  or  to  1.0599.  The  fact  that 
the  averse  body  weight  in  this  group  is  only  1747  grams  as  compared 
with  2460  grams  in  the  first  or  active  group  does  not  mean  that  the 
dormant  animals  were  much  smaller  and  hence  much  younger.  There 
is  in  the  dormant  group  only  one  especially  young  animal  (as  judged 
from  its  weight  of  only  813  grams)  and  in  this  case  the  specific  gravity 
and  number  of  red  corpuscles  are  above  the  average  for  the  group, 
while  the  hemoglobin  is  less  than  the  average  by  only  slightly  more 
than  the  probable  error.  It  must  be  remembered  that  during  hibet^ 
nation  the  animal  loses  at  least  one  fourth  of  its  weight.  In  short, 
the  great  increase  in  the  specific  gravity  and  in  the  amount  of  hemo- 
globin of  the  blood  during  winter-sleep  as  stated  by  Dubois  and  PoU- 
manti  in  regard  to  the  European  marmot,  does  not  apparently  take 
place  in  the  woodchuck.  Nor  is  there  a  very  marked  increaae  in  the 
red  corpuscles. 

An  entirely  different  picture  is,  however,  presented  by  the  disposition 
of  the  white  corpuscles.  The  table  shows  that  there  is  a  variatioi 
from  800  to  10,050,  with  an  average  of  5955.    With  the  exceptions  of 
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the  two  cases  which  mark  the  extreme  variatioDS,  the  individual  counts 
are  surprisingly  close  to  the  average  for  the  group.  Thus  during  hi- 
bernation there  is  in  the  woodchuck,  as  in  other  animals  investigated, 
an  enormous  decrease  in  the  number  of  circulating  leucocj^tes.  In  this 
case,  as  in  the  European  marmot,  the  number  falls  to  about  one  half 
itte  number  found  during  the  summer.  This  has  been  explained  by 
Dubois,  CarUer  and  Polimanti  as  being  due  to  diapedesis.  In  this 
connection  might  be  mentioned  a  theory  advanced  by  Hansemaun 
(12)  who,  upon  examination  of  the  various  organs  of  animals  killed 
while  hibernating,  found  no  evidence  of  cell  division.  He  concluded 
that  cell  division  nomu^y  occurs  as  a  result  of  the  wearing  out  of  the 
tissues.  When  activity  is  greatly  reduced,  as  in  winter-sleep,  the 
stimulus  is  gone  and  there  is  no  cell  division.  In  accordance  with 
this  theory,  there  might  be  a  decrease  in  the  production  of  leucocytes, 
which  would  also  contribute  to  the  reduced  number  of  circulating  white 
corpuscles. 

A  few  semi-dormant  animals  were  examined  during  the  hibernating 
period  and  found  to  present  such  a  marked  contrast  to  the  more  torpid 
ones  that  they  have  been  placed  in  a  separate  group.  Since  there 
are  only  three  individuals  not  much  can  be  based  upon  them,  but  it 
did  not  seem  justifiable  to  include  them  with  the  more  dormant  ones. 
These  animals  had  a  rectal  temperature  from  19°  C.  to  24°C.  No.  43 
was  beginning  to  hibernate.  No.  49  was  either  going  back  to  sleep 
or  coming  out  of  it.  No.  55  was  waking  up  from  winter-sleep.  The 
red  corpuscles  are  increased  1,000,000,  or  more,  and  the  hemoglobin 
and  specific  gravity  likewise  show  the  maximum  average  figures  ot 
114  and  1.06294  respectively.  Still  more  marked  is  the  large  number 
of  white  corpuscles  which  average  25,217,  or  more  than  double  that 
of  any  corresponding  figure.  Since  these  animals  were  moving  about, 
it  was  necessary  to  employ  some  anaesthetic.  Ether  was  used  on  No. 
43.  While  anaesthesia  set  in  rapidly  and  had  only  been  continued 
ten  minutes  before  the  blood  sample  was  taken,  it  was  considered 
probable  that  the  high  figures  were  in  some  way,  at  least  partly,  due 
to  the  ether.  The  next  animal.  No.  49,  was  given  chloretone  with  as 
little  disturbance  as  possible;  but  all  the  figures  were  still  high.  On 
the  third  animal.  No.  55,  ether  was  tried  again,  with  somewhat  similar 
results.  It  appears  that  in  this  transitional  stage,  there  is  an  enormous 
number  of  leucocj^tes  circulating  in  the  blood.  It  might  be  that  there 
is  some  irritation  or  struggle  within  the  organism,  such  as  resistance 
against  the  cold,  during  the  transition  which  causes  leucocytosis  and 
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a  dislodgmg  of  corpufcles,  both  red  &nd  white,  which  had  settled  out 
of  circulation.  The  hieh  specific  gravity  would  suggest  that  enou^ 
activity  is  going  on  to  cauf«  a  loss  of  water  by  the  blood,  somewhat  the 
same  as  apparettily  occurs  after  the  animal  becomes  fully  awake  and 
active  and  has  no  access  to  food  or  water. 

In  the  fourth  group  there  are  included  those  «riimf^t«  which  have 
become  fully  awake  after  hibematicn  and  have  not  had  an>'thing  to 
eat  or  drink.  They  had  been  awake  from  two  days  to  two  weeks. 
Here  ag:iin  the  group  b  rather  limited,  involving  only  five  animals,  hut 
the  results  are  strildnzly  uniform  and  opposed  to  what  one  mi^t 
expect  from  the  Uierattire.  The  red  corpuscles  average  nearly  7,000,000, 
which  c$  fully  300.000  more  than  was  found  during  torpor,  and  a  Uttle 
more  ih^n  oOO.tXlO.  or  S  per  cent,  less  than  was  found  in  the  semi- 
dorm:uit  aniiuaK  The  $pecitic  ^rraviiy  and  the  amount  of  hemoglobin 
show  the  same  average  as  was  found  in  the  third  group,  and  suggest 
a  cisoofmnMion  of  the  bCmxi  by  the  loss  of  water  due  to  increased  ac- 
lirity  and  a  much  grettirt  diServnce  betwe«i  the  body  t«nperature 
and  th^  leniperaiure  of  the  surroundings.  Thus  it  has  been  fully 
liecuc^s^rated  by  the  extensive  oci^ervatifMis  erf  Jmms  (13)  that  in  the 
k-jLSUB  su^j^vt  exercise  causes  a  high  specific  gravity  of  the  blood. 
Tbe  wwwdcfc'ack  shows  co  evidence  of  the  great  decrease  to  one-half 
thrf  notraal  nucit'er  *^<'  erythrwxtts  when  the  animal  wakes  up  from 
•cihikny.  such  as  ts  di-scr.lvd  by  Vierordt.  Quincke  and  Dubois  in 
ft.>cs>ec5>.>Q  wiih  the  Euroc^-an  m:irmot.  This  decrease,  then,  is  not 
ajiways  char^' tense :c  m'  hibernating  animals  when  they  first  wake  up, 
f^ic  eaacily  the  opp.-«:e  rt.^^i;:ion  prevails  in  the  woodchuck. 

Tb^e  =-i:iiS?r  of  wt.;:e  ci.*rpcs^-:cs  as  very  uniform  and  they  are  some- 
wiaj  e-ice  Si^iervus  tr.an  o.irir.g  ik-rmancy,  but  not  as  numerous  as 
vf.Lr'.^ia:  ste  iettw  p^-n^si  in  «ir;u;;er  and  autumn,  while  they  are  only 
»jce  -.cj^i  **  =t;-r.-cTo*ss  as  ts  '.he  third  or  sluggish  group. 

F'.^:^'.'Y.  'r.ere  is  the  i*nt^  of  ni:^?  jfimtU  which  have  had  access 
so  :.x<i  azid  wstrcr  vr  ^>i•.^^  to  a;  leas;  six  weeks  either  in  ccKifinem«it 
Of  Lz  ih.'ii:  tu*:,:-:*!  h*';::^:.  fh-?  re\i  c\iriHtsc!es  show  a  sudden  drop 
of  over  oc.e  »=',:  a  h.*-:"  ::'.:'■.,•{■,,  or  i>i>fr  2",'  per  cent,  as  compared  with 
th-*  i;- ■.-.•-la's  thit  r.Ave  r.vt  reec  :;•.;.  T^.e  hemoglobin  similarly  shows 
a  u:..-\-v=ise  it  ovrr  Jv'  ;vr  v-etit.  TV.-?  <rev:ic  gravity  likewise  decreases 
tot  VO'  ■-■■i-.av.-f  TJiJi:  :r.e -^v.' iiAsi-een  diluted  frwnhavingtakeo 
ut'  »Avr  :;^:^T  :;■.*"  thv  *>:">,t  o.rs':::-.ier.».  It  is  possible  that  the 
S1-.  ■         .■,\— ,v'-^'  :•■  ^'r-  r\M  cvi".-.-.ii*-"','s  r^rirti  by  several  authors  in  the 
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European  marmot  may  be  due  partly,  at  least,  to  the  same  cause. 
The  results  obtained  from  the  woodchuck  are  very  uniform  with  a 
single  exception,  No.  61.  This  animal  was  caught  by  some  boys 
one  night  in  a  trap.  It  was  taken  to  the  pubHc  school  the  next  day 
and  played  with  till  evening  when  it  was  brought  to  the  laboratory. 
It  was  placed  in  a  box  containing  food  and  water.  A  dark  secluded 
box  communicates  with  the  feed  box  and  into  this  the  animal  soon 
found  its  way.  It  was  operated  upon  the  next  day  and  from  the  ap- 
pearance of  the  intestinal  contents  it  was  evident  that  it  had  not  eaten 
any  of  the  food  in  the  box.  It  was  impossible  to  judge  as  to  the  drink- 
ing of  water,  since  there  were  other  woodchucks  in  the  same  box. 
There  are  only  64  grams  of  feces  in  the  alimentary  tract  and  this  was 
unusually  solid.  As  a  rule,  there  is  about  200  grams  in  such  animals. 
It  is,  therefore,  very  probable  that  the  struggling  and  excitement  of 
the  previous  day  had  concentrated  the  blood  by  causing  an  excessive 
loss  of  water.  However,  it  is  included  in  the  figures  already  men- 
tioned. The  average  for  Group  V,  excluding  this  questionable  one, 
is  also  given.  Excluding  animal  No.  61,  the  red  corpuscles  vary  within 
the  comparatively  narrow  limits  of  4,644,000  and  5,506,000,  with  an 
average  of  5,094,000,  or  about  18  per  c4nt  lower  than  is  found  later  in 
the  summer.  Undoubtedly  with  the  onset  of  warm  weather  these 
low  figures  will  approach  those  found  in  Group  I.  The  hemoglobin 
ranges  from  75  to  100,  with  an  average  of  86.6,  while  the  specific 
gravity  has  fallen  to  an  average  of  only  1.0508,  and  within  the  limits 
of   1.0480  and   1.0569. 

The  white  corpuscles  in  this  group  have  increased  from  8607  (in 
Group  IV)  to  10,285  or  until  they  are  nearly  as  numerous  as  later  in 
the  year. 

Undoubtedly  most  of  the  variations  (except  those  in  the  leucocytes) 
are  dependent  to  a  large  extent  upon  the  concentration  of  the  blood 
and  redistribution  of  the  corpuscles.  Sufficient  data  are  not  yet  avail- 
able on  the  changes  in  blood  volume  to  determine  what  absolute 
changes  are  incident  to  hibernation. 

The  size  of  the  red  corpuscles  does  not  vary  appreciably  as  will  be 
seen  from  the  following  tabulated  averages  of  the  measurement  of  the 
diameter  of  100  corpuscles  from  each  of  30  animals.  Each  group  of 
10  animals  consists  of  5  males  and  5  females. 
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Tbe  aboT*  mea^urem^ats  were  made  on  the  stained  film  prepara- 
tions br  means  of  a  dUr  micrometer  ocular.  Only  perfectly  shaped 
rorpcificies  encouDtered  in  the  thimiest  parts  of  the  films  were  utilized. 
Care  was  taken  to  ^Kvt  portions  of  the  film  in  which  the  corpuscles 
we;*  wei;  spread  and  which  had  dricJ  quickly  af  judged  by  the  prescr- 
Tation  of  the  b'ood  plates.  Sisce  four  films  from  each  uniinul  were 
arailable.  the  perfect  eMhnn'jnes  found  within  certain  limits  in  the 
field  wvre  '.-ikcn.  comnier.cir.i;  at  one  siie  of  the  area  and  fraing  towards 
the  oshef.  in  a  re>r-Ur  order  ui;;U  twensy-Sve  corpuscles  had  be«i 
rii«isuTvd.  This  pnxvtia:*  was  r^Tva:ed  oa  the  other  three  dupti- 
cise  prvparai^^r.s.  Th^>  aversse  iv  all  :be  oce  hundred  mcasurwnents 
w:»s  taken  as  the  si^  of  :he  cvrt^us,  Ir*  in  that  particular  animal. 

Is  each  ar.ir.j^  the  tirlod  rr\i  cyrrusc^es  usiu^y  varied  from  5.8ji 
to  9  —  i:;  ii„ir,-.^' *,<•?.  Or.Iy  a  ivry  ffw  «'.ls,  hc-wever.  were  at  or  near 
tiscsf  e:xTT^f^ies^ 

Thv  ry's^i'.is  »>f  a  liinervr.:;.*^  cvHint  «  the  white  corpuscles,  utilizing 
atai:;  th*r  siAimx;  i.nis,  are  tiv;-::  in  jh—  :V^-,-wing  tab'e.     At  least 

Thc  rsr-,>r.:.-,ir  *«  '}.r,-.;>.,v_\Tt-¥  -^  ;he  *rwip  oc  ei^t  dcwmant  ani- 
laaJs  Tar-.ix-  cni-AT">  frviu  7,S  jvr  «;■;  :«■-  A2  per  dec:  ,  as  did  also  that 
of  jh?c  r.T^.;:-.""".  ;■*  frvr.;  S4,7  r*r  «r:;  iv*  Si?.5  pw  («:;  .  The  othCT 
tT\x;r»*  sl'v»rv;  '-:>s  ;r-;->:.;u.v  ^■:ir..i■::■,■riS  in  ^fiAse  partirulus.  In  the 
^•.■,;r  V-."  ^Mf  A.-:-\*  arv.vj^s  f.vviv.m-rti  a::«-  hir^natSoD  but  befof* 
iSf>  K*.;  T^v;-.,--or,>f\:  :i-  :;-«\i  :J-;r«  !>  an  ustss&ljy  lary»  iodividual 
T:^l",A;^■i?.  IT  :"■?  T>f".N:.\r  r.i:v.:>rr  ••:  i\-«5ir-,-rL;i>s  froei  0^  per  cent  to 
;>  «  ;v  cv-t     *--■  a  -»:>^c  :.j;-r  i-.--r«f    i:  4  per  cect  . 
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0       EoBDoptulie    I 


Before  AiftemoKon  Mujmf-ATorCTiiCT-),  ammaU  active 

Ifr^III 

34,2 

6-7 

57.6 

1-2 

0.3 

2(KSIII 

33.4 

6.6 

56.6 

3.4 

0.0 

26-SIII 

24.8 

5.8 

6*7 

4.3 

0.4 

28-srii 

21.6 

3,6 

71.4 

•3,2 

0.2 

29-Siri 

39,7 

9.0 

42.2 

8,7 

0.4 

37-sni 

25.9 

5.2 

62.4 

6,5 

0,0 

39-SIII 

33.1 

7,9 

56.4 

2.6 

0,0 

40-SlII 

17.9 

3,8 

71,0 

7,1 

0,2 

Average 

28,8 

6.1 

60,3 

4,6 

0,2 

During  hiberrudion  (Deeember-March),  animah  dormant 


5-SI 

25,6 

4.4 

66-1 

3.5 

0,4 

7-SI 

34,1 

4,1 

54.1 

7.0 

0,7 

9-SI 

420 

8.9 

36.3 

12.3 

0,5 

45-SIII 

11,5 

6.0 

76,7 

5.6 

0-2 

48-8111 

13,4 

8.1 

76,6 

1,9 

0.0 

51-SIII 

7,8 

3.5 

84,7 

4,0 

0.0 

52-SIII 

10,0 

5.8 

79,4 

4,8 

0.0 

53-SIII 

19,7 

6.2 

67,5 

66 

0,0 

Average 

20,5 

5,9 

67,7 

5,7 

0.2 

D 

unnff  hibtnuUion 

animedt  tlugi/isk  or  ttmi-dormani 

43-sni 
49-srii 
65-srii 

17,2 
2S,8 
28,3 

8.5 
9.0 
4.7 

68,9 
58,1 
56,5 

5.4 
6,1 
9,0 

0.0 
0,0 
1,5 

Average 

24,1 

7,4 

61.2 

68 

0,5 

After  hibernation  [FebniarjrApril)  animah  aetive; 

nothinif  to  eat  or  drink 

11-SI 

37,7 

13,9 

28.5 

19.4 

0,5 

13-SI 

21.9 

7,4 

54.1 

16.4 

0,2 

14-SI 

30,3 

5,9 

45.8 

17,3 

0.7 

50-SIII 

42-2 

4,4 

52,8 

0,2 

0.4 

56-SIII 

43-6 

8,8 

43,3 

3,5 

0.8 

Average 

35.1 

8,1 

44,9 

11,4 

0,5 
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After  hihernalion  {April-May),  animals  ociire,  fed 


15-SI 

39.3 

63 

439 

10,2 

03 

59-SIII 

27.1 

5  4 

63.3 

3,6 

OS 

60-8III 

27,6 

5.8 

50.2 

15,9 

0.5 

61-Sin 

19.4 

4.0 

71.5 

5  1 

00 

64-SIII 

46.6 

6.3 

40,8 

6  3 

0  0 

66-SIII 

29.8 

g.4 

51  3 

7,8 

1,7 

67-SIII 

21,9 

10.3 

57.3 

7,6 

2.9 

68-SIIl 

42,7 

6.3 

39.2 

10,9 

0-9 

Average 

31  .S 

6.7 

52-2 

8.4 

0.9 

It  is  evident  that  in  hibernation  in  the  woodchuck  there  is  no  such 
inversion  of  the  leucocyte  formula  as  was  reported  by  Argaud  and  Bil> 
lard  to  occur  in  the  dormouse  when  induced  to  hibernate.  On  the 
contrary,  there  appear  to  be  relatively  fewer  lymphocytes  circulating 
during  dormancy  and  semi-dormancy  than  during  the  active  state, 
either  before  or  after  hibernation.  This  decrease  is  undoubtedly  due 
to  a  much  slower  circulation  of  lymph  in  this  torpid  state. 

A  comparison  of  the  group  of  animab  that  had  been  fed  with  those 
that  had  not  been  fed  but  were  awake  after  hibernation,  bears  out  the 
general  statement  that  in  herbivorous  animals  there  is  no  digestion 
lymphocytosis. 

Blood  plates  (thrombocytes)  are  very  abundant  at  all  seasons  of  the 
year. 

6UMHABT 

1.  In  the  summer  and  autumn  there  are  in  the  arterial  blood  of  the 
woodchuck  on  an  average,  in  round  numbers,  about  6;200,000  red  cor- 
puscles, 12,000  white  corpuscles,  104  per  cent  hemoglobin  (Gowers- 
Haldane  standard),  and  a  specific  gravity  of  1.0595. 

2.  There  is  very  little  change  in  the  number  of  red  corpuscles,  amount 
of  hemoglobin  and  specific  gravity  of  the  arterial  blood  in  the  dormant 
woodchuck  during  hibernation.  The  figures  for  the  erythrocj-tes  do 
show  an  increase  of  about  5  per  cent. 

3.  The  number  of  circulating  white  corpuscles  decrease  to  about 
one  half  in  the  torpid  animal  during  hibernation. 

4.  The  cellular  elements  (erythrocytes  and  leucoc\'tes),  the  amount 
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of  bemc^lobin  and  the  specific  gravity  increase  greatly  in  animals  which 
during  the  hibernating  period  are  only  semi-dormant  and  have  an 
intermediate  body  temperature.  The  white  corpuscles  are  four  times 
as  numerous  as  in  the  dormant  animal  and  twice  as  abundant  as  in 
the  active  animal  before  hibernation. 

5.  After  the  animal  wakes  and  becomes  active,  but  before  it  has 
access  to  food,  there  is  the  same  high  specific  gravity  and  lai^e  amount 
of  hemoglobin  as  b  found  in  the  semi-dormant  animals.  The  red 
corpuscles,  however,  are  about  8  per  cent  lower,  but  this  is  still  about 
6  per  cent  higher  than  during  the  torpid  state.  The  leucocytes  are 
sub-normal,  though  somewhat  more  numerous  than  during  profound 
lethargy. 

6.  There  is  a  decided  decrease,  amounting  to  about  20  per  cent,  in 
the  number  of  red  corpuscles  and  the  amount  of  hemoglobin  after  the 
awakened  animal  has  commenced  to  eat  and  drink.  The  specific 
gravity  greatly  decreases  also,  suggesting  that  these  variations  are  - 
largely  due  to  the  relative  concentration  of  the  blood.  The  white 
corpuscles,  on  the  other  hand,  increase  to  nearly  normal. 

7.  The  red  corpuscles  do  not  change  in  size  during  hibernation. 

8.  The  leucocyte  formula  is  not  inverted  with  respect  to  the  relative 
number  of  mononuclear  and  polymorphonuclear  forms.  There  i8,if 
anything,  a  decrease  in  the  mononuclear  types  during  winter-sleep 
due  to  a  relatively  greater  decrease  in  the  number  of  circulating  lym- 
phocytes. 

It  b  with  great  pleasure  that  I  acknowledge  the  credit  due  Dr. 
Sutherland  Simpson  for  the  opportunity  of  carrying  on  tbb  research 
and  for  the  suggestions  and  encouragement  received  at  all  times. 
The  valuable  help  rendered  by  Gertrude  B.  Rasmussen  b  also  worthy 
of  mention. 
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MTRODUCTION 

The  importance  of  the  digestive  action  of  the  saliva  of  man  on  starch 
was  long  und^reetmuted,  but  it  is  now  known  to  be  of  considerable 
importance.  Its  importance  is  due  to  the  rapidity  of  the  action  and 
to  its  continued  activity  after  food  reached  the  stomach.  It  was  for- 
merly thought  that  the  action  was  checked  at  once  on  entrance  of  food 
into  the  stomach.  We  now  know  that  tliis  is  not  the  case,  but  that  the 
food  collects  in  the  fundus  of  the  stomach  in  a  large  mass,  in  the  inter- 
ior of  which  the  reaction  is  very  faintly  acid.  The  optimum  condi- 
tions for  ptyalin  action  prevail  and  for  a  half  hour  or  longer,  depending 
on  the  size  of  the  meal,  the  ptyalin  may  continue  to  digest  the  starches. 
Some  workers  are  also  of  the  belief  that  the  presence  of  saliva,  or  its 
digestive  products,  may  also  act  as  a  stimulus  to  the  secretion  of  gas- 
tric juice. 

The  question  of  the  presence  of  a  starch  splitting  enzyme  in  the 
saliva  of  the  ox  is  a  disputed  one.  EUenbeiger  (1)  states  that  Speichel- 
diastase  (ptyalin)  is  found  in  the  saliva  of  man  and  animals,  except 
camivora.  Human  saliva  is  the  most  active,  next  the  pig,  solipeds 
slight,  ruminants  still  less,  and  camivora  very  little  or  none.  Ellen- 
berger  (2)  also  believes  that  in  animals  it  is  a  specific  product  of  the 
salivary  glands.  He  states  that  it  attacks  raw  starch  with  difficulty 
but  cooked  starch  e&sily.  On  a  diet  of  raw  starch  (com)  and  after 
masticating  the  food  for  one  to  three  minutes,  Ellenberger  (3)  states, 
sugar  can  be  demonstrated  in  the  oesoph^us.  He  also  thinks  the  ac- 
tion is  continued  for  some  time  in  the  stomach. 

Meade  Smith  (4)  believes  that  in  ruminants,  starch  conversion  takes 
place  both  in  the  mouth  and  rumen.  Fred  Smith  (5)  does  not  accept 
these  views  and  states  that  the  action  is  very  feeble  or  entirely  absent. 
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Mills  (6)  states  that  the  saliva  of  the  ox  has  a  very  feeble  diastatic 
power.  It  was  therefore  the  object  of  this  investigation  to  demonEtrate 
the  presence  or  absence  of  a  diastatic  enzyme  in  the  mixed  sahva  of 
this  animal. 

METHOD   OF  COLLECTING   SALIVA 

Various  drugs  have  the  property  of  stimulating  the  secretion  of 
saliva.  Chief  among  these  drugs  is  pilocarpine  which,  when  given  sub- 
cutaneously  in  doses  of  }  to  1  grain,  produces  a  marked  flow  of  saliva 
in  this  animal.  It  occurred  to  the  writer  that  pilocarpine  would  be  a 
very  useful  agent  to  employ,  as  an  aid  in  collecting  the  saliva,  provided 
it  did  not  in  any  way  influence  the  diastatic  action  of  the  saliva. 

Accordingly,  preliminary  experiments  were  carried  out  to  determine 
the  action  of  pilocarpine  upon  the  diastatic  action  of  human  saliva,  the 
normal  action  of  this  saliva  being  well  understood.  It  ^as  found  that 
pilocarpine  does  not  inhibit  the  diastatic  action  of  human  saliva,  when 
added  to  it.  Neither  does  it  interfere  when  taken  (via  mouth)  in 
large  enough  doses  to  cause  a  marked  flow.  However,  when  pilocar- 
pine in  aqueous  solution  is  added  to  a  1  per  cent  solution  of  cooked 
starch  and  when  no  saliva  is  present,  it  exerts  an  action  similar  to  that 
of  saliva.  Our  experiments  show  that  as  small  an  amount  as  0.00081 
gram  will  reduce  Fehling's  solution  and  when  this  amount  is  incubated 
with  25  cc.  of  1  per  cent  starch,  the  blue  color  with  iodine  disappears 
in  about  20  minutes,  and  the  starch  solution  will  become  clear  in  fifteen 
minutes,  and  will  show  increased  reduction  of  Fehling's  solution.  It 
differs  from  ptyalin  in  that  its  action  is  much  slower  when  used  in 
this  amount,  but  the  rate  of  action  can  be  increased  by  increasing  the 
amount  of  the  drug.  When  J  grain  in  25  cc.  of  distilled  water  was 
added  to  25  cc.  of  1  per  cent  starch  solution,  the  blue  color  with  iodiae 
disappeared  within  ten  minutes,  and  the  solution  was  clear  in  about 
five  minutes.  Pilocarpine  because  of  these  properties  could  not  be 
used  in  our  work  for  stimulating  salivary  secretion.  Enough  of  the 
drug  can  be  excreted  in  the  saliva  to  produce  a  marked  diastatic  action 
which  might  lead  to  wrong  conclusions. 

When  i  grain  of  pilocarpine  is  administered  subcutaneously  toan  ox, 
a  marked  secretion  of  saliva  occurs  in  about  ten  minutes.  This  saliva 
contains  a  small  amount  of  pilocarpine  and  will  produce  the  charac- 
teristic action  of  this  drug  upon  starch. 

Another  method  of  collecting  the  saliva  was  worked  out.  This  con- 
sisted in  stimulating  the  flow  of  saliva  from  glands  which  had  previously 
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been  in  a  resting  state,'  by  irrigating  the  mouth  with  water  or  a  weak 
acetic  acid  solution,  followed  by  inhalations  of  strong  acetic  acid.  In 
addition  to  these  methods,  tempting  food  was  sometimes  offered  which 
apparently  aided  in  the  stimulation  of  the  Sow. 

The  saUva  was  caught  in  a  clean  beaker  as  it  flowed  from  the  mouth. 
Cattle  will  often  retain  the  saUva  in  the  mouth  and  sometimes  swallow 
it,  but  by  holding  the  head  down  and  inserting  the  index  finger  into 
the  mouth  at  the  commissure  of  the  lips,  and  pulling  the  commissure 
downward  and  outward  the  retained  saliva  will  flow  out.  The  me- 
chanical stimulation  of  the  clean  finger  will  also  help  in  some  cases  to 
induce  secretion.  Ten  cubic  centimeters  could  usually  be  obtained 
without  much  difficulty  and  quite  often  much  more. 

Blood  serum  which  was  used  in  the  experiments  was  obtained  by 
bleeding  from  the  jugular  vein.  It  was  obtained  by  means  of  a  hypo- 
dermic needle  under  aseptic  precautions.  Twenty  to  30  cc.  would  be 
drawn  into  a  sterilized  flask,  and  at  once  placed  upon  ice.  After  sev- 
eral hours  the  serum  was  drawn  off,  centrifuged  if  necessary,  and  used. 

UETHODS   OF   STTIDT 

Clearing  of  the  gtareh  solution.  To  three  test-tubes  of  equal  size  5 
cc.  of  a  1  per  cent  cooked  Dakomin  corn  starch  solution  was  added. 
To  the  first  test  tube,  1  cc.  of  clear  or  filtered  ox  saliva  was  added;  to 
the  second,  1  cc.  of  clear  or  filtered  human  saliva  (obtained  by  washing 
the  mouth  and  stimulating  secretion  by  means  of  paraffin);  and  to  the 
third,  1  cc.  of  distilled  water.  They  were  then  incubated  at  room  tem- 
perature or  40°C.  depending  upon  the  series  to  which  they  belonged. 
The  three  tubes  were  compared  at  certain  intervals  and  the  amount  of 
clearing  recorded. 

Iodine  teets.  At  intervals  of  a  few  minutes  a  drop  from  each  of  the 
above  test  tubes  was  added  to  a  drop  of  Lugol's  solution.  The  drops 
of  Lugol's  solution  were  placed  upon  a  glass  slab  with  a  white  back- 
ground. 

Reduction  teats.  A  series  of  tubes  was  made  in  quadruplicate,  similar 
to  those  used  in  the  clearing  tests.  After  being  incubated  for  a  certain 
length  of  time,  each  was  tested  with  Fehhng's  solution.  The  Fehling's 
solution,  alone  and  also  with  the  cooked  starch,  was  tested  for  reducing 

'  In  one  case  considerable  saliva  waa  being  secreted  at  the  time  of  making  the 
collection,  but  this  saliva  showed  as  strong  a  diaatatic  power  aa  any  collected  from 
glands  which  had  previously  been  in  a  state  of  rest. 
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properties.     The  ox  and  humaD  saliva  was  also  tested  with  Fehling's 
solution. 

Serum  teata.    The  experiments  using  blood  serum  in  place  of  lie 
saliva  were  carried  out  in  a  similar  way. 


The  results  here  recorded  are  based  upon  the  examination  of  eight 
different  specimens  obtained  from  six  different  mature  bovine  animals, 
of  the  dairy  type.  Slight  digestion  varying  in  degree  was  obtained  in 
six  examinations,  and  two  were  practically  negative.  The  two  sega- 
tive  samples  were  obtained  from  animals  which  later  gave  poettire 
results. 

Saliva  of  the  ox  is  a  clear  viscid  fluid,  and  when  produced  in  large 
quantities,  it  will  bang  from  the  mouth  in  strings.  It  was  always 
found  to  be  alkaline  to  litmus. 

Our  experiments  show  that  thf  ability  of  ox  sahva  to  digest  cooked 
starch  varies  in  individuals  and  even  in  the  same  individual  at  different 
times.  The  action  produced  by  1  cc.  of  saliva  is  about  equal,  in  some 
cases,  to  the  action  of  four  drops  of  blood  serum,  in  others  to  about 
three  drops,  but  when  it  becomes  lower  than  this,  it  cannot  be  de- 
tected. Whether  the  saliva  is  obtained  from  glands  which  have  been 
in  an  active  state,  or  in  a  resting  state,  does  not  seem  to  make  much 
difference. 

ResttUs  of  clearing  the  starch  solution.  Slight  clearing  of  the  starch 
solution  containing  1  cc.  of  ox  saliva  could  be  seen  in  some  cases  tt 
fifteen  minutes,  while  in  others  it  took  one-half  hour  before  any  clear- 
ing could  be  detected.  Complete  clearing  of  the  solution  occurred  in 
about  one  hour  in  the  majority  of  cases.  Those  cases  which  were  not 
clear  after  one  to  one  and  one-half  hours  never  did  become  clear.  There 
s^med  to  be  very  little,  if  any  difference,  in  the  rate  of  clearing  between 
the  samples  incubated  at  room  temperature  and  those  at  WC.  Simi- 
lar solutions  of  starch  with  human  saliva  and  distilled  water  were 
used  as  controls  in  making  the  readings.  In  the  case  of  human  salivi 
the  solution  became  clear  in  five  to  ten  minutes,  while  the  solution  con- 
taining water  only  did  not. 

ResuUg  of  iodine  te^.  Although  starch  solution  which  contains  oi 
saliva  usually  becomes  clear  within  one  hour,  the  blue  color  with  io- 
dine remains,  nor  does  it  tend  to  disappear  after  incubation  has  been 
carried  on  for  a  period  extending  over  two  hours.  In  the  case  of  the 
controls,  starch  with  human  saliva  showed  no  color  with  iodine  afto* 
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about  ten  minutes,  while  that  of  the  etarch  and  water  continued  to 
give  the  blue  color  throughout  the  incubation  period. 

ResuUt  of  the  redudum  tests.  Some  cases  gave  a  slight  positive  Td- 
duction  at  fifteen  minutes  while  others  did  not,  but  whenever  clearing 
was  marked  at  fifteen  minutes,  a  slight  reduction  occurred.  If  the 
starch  solution  was  clear  at  one-half  hour,  a  slight  reduction  would 
occur.  In  the  majority  of  cases  the  longer  the  period  of  incubation, 
the  greater  the  amount  of  reduction  until  the  maximum  was  obtained, 
which  occurred  at  one  and  one-half  to  two  hours.  Control  reduction 
tests  showed  starch  and  human  saliva  to  give  a  strong  reduction  after 
incubation  for  five  minutes.  Ilie  starch  and  distilled  water  tube  was 
tested  at  the  end  of  the  incubation  period  and  was  always  negative. 
Human  saliva  (1  cc.)  alone  does  not  reduce  Fehling's  solution,  but  1 
CG.  of  ox  saliva  will  usually  give  a  faint  reduction. 

Following  is  the  detail  of  one  experiment  on  the  diastase  of  saliva  of 
the  ox. 

Animtd.  Pure  bred  Guerosey  cow.  Ten  cubic  centimetera  obtained  by  the 
usual  methods.  Reaction  alkaline,  glands  in  state  of  rest  at  time  of  stimulat- 
ing secretion. 

Tube  A  contains  6  cc.  of  t  per  cent  atarch  and  1  cc.  of  ox  saliva,  made  in  quad- 
ruplicate and  labelled  A,  A',  A*,  A'.  Tube  B  contains  5  cc.  of  1  per  cent  starch 
and  1  cc.  of  human  saliva,  made  in  quadruplicate  and  labelled  B,  BVB',  B'. 
Tube  C  contains  5  cc.  of  1  per  cent  starch  and  1  cc.  of  distilled  water. 
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It  WM  found  in  one  series  trf  experiments  that  beating  the  ensTine 
found  in  the  senim  to  63^.  for  one  minute  will  greatly  inhibit  the  ae- 
tion  of  the  enzyme,  and  beating  for  one  minnte  at  65'*C.  will  ptseticalty 
destroy  its  activity. 
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DISCUSSION 

This  starch-eplitting  enzyme  or  enzymes  fotmd  in  the  saliva  of  the 
ox  acts  much  slower  than  the  starch-splitting  enzymes  found  in  humao 
saliva.  It  is  present  in  very  minute  traces  and  in  some  samples  of 
saliva  cannot  be  demonstrated.  This  enzyme  or  enzymes  is  much 
more  concentrated  in  the  blood  serum  and  is  very  likely  carried  into 
the  saliva,  along  with  other  saUvary  constituents,  which  accounts  for 
the  small  amount  present  in  the  saUva. 

Owing  to  the  nature  of  the  food  which  this  animal  takes,  one  could 
naturally  expect  the  serum  to  contain  a  relatively  large  amount  of 
diastatic  ferments,  and  it  would  only  be  natural  for  some  of  these  fer- 
ments to  be  excreted  in  the  saliva. 

Carlson  and  Ryan  (5)  found  a  similar  condition  existing  in  the  cat. 
They  found  that  the  saliva  of  the  cat  contains  a  starch  splitting  fer* 
ment.  This  ferment  is  not  a  specific  product  of  the  saUvary  glands 
but  the  diastase  of  the  blood  carried  into  the  saliva  along  with  otho* 
salivary  constituents.  They  also  found  the  starch  splitting  enzyme,  or 
eniymes,  to  be  very  much  more  concentrated  in  the  cats'  serum  than 
in  the  cats'  saliva. 
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Because  of  the  slowness  of  action  of  this  ferment  in  the  ssliva-of  the 
ox  and  the  small  amount  present,  it  is  doubtful  if  it  has  any  digestive, 
value.  It  would  seem  that  if  nature  intended  the  saliva  of  the  ox  should 
contain  a  starch  splitting  enzyme,  it  would  be  present  in  larger  quanti- 
ties and  be  more  rapid  in  its  action,  and  that  it  would  resemble  ptyalin 
of  man  in  these  respects. 


It  is  recognized  that  the  cumber  of  observations  is  small  for  drawing 
definite  conclusions,  but  that  the  uniformity  of  results  points  strongly 
to  the  conclusions  drawn. 

1.  Saliva  of  the  ox  contains  a  starch  splitting  enzyme  or  enzymes, 
which  varies  in  amount  in  individuals,  and  at  different  times  in  the 
same  individual. 

2.  This  enzyme  or  enzymes  is  not  a  specific  constituent  of  the  saliva 
but  comes  from  the  blood  which  contains  similar  enzymes  in  much 
higher  concentration. 

3.  These  enzymes  have  a  thermal  death  point  at  about  SS^C.  when 
heated  at  this  temperature  for  one  minute. 

4.  This  enzyme  or  enzymes  is  unimportant  as  far  as  its  digestive 
ability  is  concerned. 

I  wish  to  express  my  great  appreciation  to  Dr.  C.  J.  V.  Pettibone 
for  his  constant  interest  and  advice. 
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The  employment  of  organ  extracts  to  determine  the  physiological 
effects  of  the  specific  secretions  of  endocrine  glands  has,  in  a  number 
of  instances,  led  to  much  confusion  and  contradiction.  Schftfer  (1) 
has  recently  emphasized  the  fact  that  "wq  are  not  justified  in  Mmiming 
that  because  we  obtain  evidence  of  the  presence  of  active  substances 
in  such  extracts  that  they  are  necessarily  preformed  in  the  organ  and 
still  less  that  they  are  passed  out  from  it  into  the  blood."  The  widely 
different  effects  produced  on  the  circulation  by  intravenous  injection 
of  variously  prepared  thyroid  extracts  afford  a  strildiig  example  of  the 
uncertainty  of  a  method  in  which  an  impure  product  is  used.  Thus, 
whereas  some  investigators  have  observed  a  rise  in  blood  pressure, 
others  report  a  fall,  whUe  still  a  third  group  finds  no  chat^  whatsoever. 
Similarly  discordant  observations  are  recorded  with  regard  to  changes 
in  pulse  rate.  Unless  an  active  principle  in  pure  form  is  available, 
as  is  the  case  in  the  secretory  product  of  the  adrenal  medulla,  it  would 
•eem  desirable,  where  possible,  to  study  the  physiological  effects  of  an 
internal  secretion  by  stimulating  to  activity  the  gland  producing  it. 

The  recent  work  of  Cannon  and  Cattell  (2),  reported  in  a  previous 
paper  of  this  series,  has  placed  the  secretory  innervation  of  the  thyroid 
on  a  firm  basis.  These  observers  have  employed  as  their  criterion  of 
secretory  activity  the  electrical  change  giving  rise  to  the  current  of 
action.  They  have  demonstrated  that  an  action  current  is  produced 
in  the  thyroid  gland  by  stimulation  of  the  cervical  sympathetic  ntxvt 
or  by  injection  of  minute  amounts  of  the  ^ympatheticomimetie  sub- 

<  Tb«  eulier  papers  of  this  series  were  publiahetl  in  this  Journal,  1910  (July), 
all,  pp-  3S,  68  and  74. 
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stance,  adremn  (3).  The  gland  secretes  promptly  on  stimulation, 
i.e.,  an  action  current  is  obtained  after  a  latent  period  of  only  a  few 
seconds.  No  evidence  of  secretory  activity  is  observed  on  stimulating 
the  vagus  nerves  nor  is  there  any  electrical  change  after  injection  of  the 
vagotropic  drug,  pilocarpine. 

As  a  result  of  these  studies,  two  methods  are  at  hand  for  indudng 
secretory  activity  in  the  thyroid  ^and.  It  is  the  object  of  the  present 
communication  to  present  evidence  of  the  presence  of  thyroid  secretion 
Id  the  circulating  blood  after  stimulation  of  the  cervical  sjrmpathetic 
nerves  or  after  injection  of  adrenin  and  to  demonstrate  that  thyroid 
secretion  increases  the  effectiveness  of  adrenin  in  raising  arterial  pres- 
sure.   Its  effects  on  blood  pressure  and  pulse  rate  are  also  recorded. 

PBBVIODS  WOBK  ON  THB  EPFBCT  OF  THTBOID  SBCBBTION  ON  TBB  PRB8B0R 
ACTION  or  ADBBNIN 

Having  been  led  to  believe  from  the  work  of  c^tain  Viennese  in- 
vestigators (4)  that  thyroid  and  adrenal  glands  mutually  stimulate 
one  another,  Asher  and  Flack  (5),  in  1910,  set  out  to  determine  whether 
during  stimulation  of  the  laryngeal  nerves,  which  they  regarded  as  the 
secretory  nerves  of  the  thyroid,  a  given  dose  of  adrenin  would  produce 
a  greater  circulatory  response  than  before.  They  demonstrated  to 
their  own  satisfaction  that  the  rise  in  blood  pressure  during  stimulation 
was  higher  and  of  longer  dtiration  than  during  a  previous  control  period 
and  felt  justified  in  concluding  that  (1)  stimulation  of  the  laryngeal 
nerves  causes  secretion  of  the  thyroid  gland;  (2)  thyroid  secretion 
sensitises  sympathetic  endings  to  the  action  of  adrenin.  These  results 
were  obtained  fairly  consistently  in  rabbits,  but  inconstantly  in  cats. 
Their  tracings  are  far  from  convincing,  since  the  differences  in  the 
height  of  the  curves  before  and  after  stimulation  amount  to  but  a  few 
millimeters,  and  are  not  more  than  might  reasonably  occur  during 
variations  in  the  depth  of  anesthesia  or  from  respiratory  fiuctuations. 
Aside  from  this  criticism.  Cannon  and  Cattell  (6)  have  shown  that  the 
laryngeal  nerves,  as  branches  of  the  vagi,  are  in  no  way  directly  con- 
cerned with  secretory  discbarge  in  the  thyroid  gland. 

In  a  brief  preliminary  report  recently  published,  Oswald  (7)  records 
a  series  of  observattons  on  the  effect  of  injection  of  iodthyreoglobulin 
on  the  circulation.  It  produces  no  alteration  in  blood  pressure  or 
pulse  rate.  But  after  intravenous  injection  of  this  substance,  which 
Oswald  calls  the  true  secretory  product  of  the  thyroid,  adrenin  causes 
a  rise  in  pressure  which  is  higher  and  of  longer  duration  than  before. 
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,The  curve  may,  in  fact,  be  twice  as  high  and  twice  as  long  (no  tracingi 
are  reproduced.)  This  effect  ia  manifest,  however,  only  after  a  abort 
latent  period  and  persists  for  a  considerable  time,  having  been  demon- 
strated after  the  lapse  of  1}  hours.  It  is  Oswald's  belief,  therefore,  Uiat 
iod thyreoglobulin  renders  sympathetic  endings  more  sensitive  to  the 
action  of  sdrenin  and  he  suggests  that  both  latent  period  and  long 
duration  of  effect  are  probably  dependent  on  the  colloidal  nature  of  his 
product. 

r  These  studies  are  suggestive.  But  Asher  and  Flack,  according  to 
hiost  recent  evidence,  did  not  stimulate  the  true  secretory  nerves  erf  the 
thyroid  and  Oswald  injected  a  glandular  preparation  the  identity  of 
which  with  thyroid  secretion  was  an  assumption. 

MITTHODS   or  THE    PRESENT   INVESTIGATION 

Cats  were  used  in  all  the  experiments.  The  animals  were  prepared 
essentially  according  to  the  method  described  by  Elliott  (8)  for  use  in 
his  physiological  quantitation  of  adrenin  solutions.  After  preliminary 
ether  anesthesia,  a  tracheal  cannula  was  inserted.  Care  was  taken 
not  to  injure  the  large  vein  running  along  the  trachea,  since  it  carries 
in  large  part  the  venous  return  from  both  thyroid  glands.  To  destroy 
the  brain,  a  perforation  was  made  in  the  back  of  the  orbit  and  a  probe 
was  passed  through  it  into  the  spinal  canal  beyond  the  level  of  the 
ifriedulla.  Artificial  respiration,  maintained  by  a  motor-driven,  air- 
bladt  interrupter  was  now  begun.  The  depth  and  rate  of  respiration- 
must  be  carefully  adjusted  at  the  start  if  the  animal  is  to  be  kept  in 
good  condition  for  a  number  of  hours  and  these  factors  should  not  be 
altered  during  the  course  of  an  experiment.  Itbth  vagi  were  cut. 
The  cervical  sympathetic  nerves  were  dissected  free  from  the  vagus 
aheaths  for  2  or  3  cm.,  ligated  low  in  the  neck  and  severed  distal  to  the 
ligatures.  The  depressor,  when  present  as  a  separate  nerve,  was  also 
cut.  The  probe  was  now  again  inserted  through  the  orbit  and  the  cord 
thoroughly  destroyed  to  about  mid-thorax,  a  level  corresponding  to 
the  third  or  fourth  thoracic  segment.  Usually  in  the  course  of  twenty 
minutes  or  half  an  hour  the  blood  pressure  fell  to  a  constant  level 
between  25  and  50  mm.  Hg.  An  electric  heating  pad  placed  beneath 
the  animal  permitted  the  maintenance  of  a  normal  or  nearly  nonoaf 
temperature. 

Medium  sized  or  small  cats  (2  to  3kg.)  were  found  more  suitaUe 
than  larger  animals.  Males  were  used  almost  entirely  in  order  to 
aVud  the  variable  conditions  in  the  female  genital  organs.     In  cats 
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pithed  as  described,  the  resulting  rise  in  blood  pressure  after  an  in- 
jection  of  adrenio  varies  directly  with  the  amount  injected.  Vaso- 
motor  and  respiratory  fluctuations  are  abolished.  In  the  words  of 
Elliott,  "the  circulatory  system  responds  with  the  accuracy  of  a  chemi- 
cal  balance  to  any  dose  of  adrenin."  In  certain  instances,  despite 
repeated  pithing,  irregular  and  wavy  curves  were  obtained;  it  was 
found  best  under  these  conditions  to  reject  the  animal  and  make  a 
fresh  preparation. 

A  cannula  inserted  into  the  femoral  artery  was  connected  with  a 
mercury  manometer,  sodium  carbonate  being  used  as  anticot^^lant. 
Injections  of  adrenin  were  made  through  another  cannula  placed  in 
the  femoral  vein  on  the  opposite  side.  A  slowly  revolving  kymograph 
was  set  so  that  the  speed  was  uniform  in  all  experiments. 

The  adrenin  employed  for  injection  was  the  commercial  "Adrenalin 
Chloride"of  Parke,  Davis  and  Company,  and  was  fresh.  Immediately 
before  eaoh  experiment  it  was  diluted,  usually  1 :  100,000,  with  distilled 
water,  in  which  the  adrenin  remains  without  obvious  chemical  change 
for  a  considerable  period.  The  injections  were  made  from  a  syringe 
with  1  cc.  barrel,  graduated  to  tenths  and  fiftieths  of  a  cubic  centimeter. 
A  metronome,  beating  at  intervals  of  one  second,  perniitted  delivery 
of  the  dose  uniformly  in  successive  injections.  Usually  0.2  or  0.3  cc. 
were  injected  at  the  rate  of  0.02  cc.  per  second. 

For  stimulating  the  cervical  sympathetic  nerves  a  tetanizing  current, 
rhythmically  interrupted  at  the  rate  of  24  times  a  minute,  was  employed, 
the  nerve  being  laid  over  a  platinum  electrode  supported  by  a  clamp. 
The  current  was  of  such  strength  that  it  could  comfortably  be  bome 
on  the  tip  of  the  tongue  and  always  caused  maximal  pupillary  dila- 
tation when  the  side  with  intact  eye  was  stimulated. 

A  time  marker  roistering  SO^econd  intervals  served  also  as  base 
line  for  zero  blood  pressure  and  as  signal. 

Any  deviation  from  the  usual  technique  will  be  described  in  its 
proper  place. 

PRESENTATION  OF  RESULTS 

Effects  of  gympathetic  stimulation.  In  all  of  the  experiments  the 
first  two  or  three  injections  served  as  o<»itrole.* 

*  Due  probably  to  incomplete  filling  of  codduIa  and  vein  with  tbe  adrenin 
solution  at  tbe  start,  the  first  curve  was  often  smaller  than  those  made  a  few 
minutes  later  (see,  for  example,  fig.  2),  and  has  at  times  therefore  been  dis- 
regarded in  tbe  presentation  of  control  tracing. 
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occur,  and  serves  also  as  an  illustration  of  a  typical  protocol  (abbrevi- 
ated): 

TABLE  1. 

EffeeU  of  aympathelxe  attmuiation 
Bxpenmenl  LIX.    Junt  fj.    Small,  female  cat. 
10.10  Ether.    Struggled  vigorously. 
10.16-10.30    Tracheotomy.    Pithed  through  medulla.    Vagi  cut.    Sympathetica 

diasected  and  Ugat«d. 
10.35    Pithed  to  mid-thorax.    On  warming  pad. 


Injection  No.  1.  0.3  cc. 
adrenin,  1:  100,000  at 
rate  of  0.02  cc.  per  sec- 


11.28-11.3 

11.45 
11.55 
12.10 
12.50 
12  57-1  02 

1.05 


No.  2 

Stimulation  of  left  cervical 
sympathetic. 

No.  3 

No.  4 

No.  5 

No.  9 

Stimulation  of  right  cervi- 
cal sympathetic 

No.  10 

No.  12 

No.  15 

No.  16 

1 — \ — \ — r~i — \ — T" 
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Fig.  2.  Complete  chart  of  Elxperiment  XTI.  (See  fig.  I.)  Her«,  aa  io  all  other 
charts,  ordinates  represent  blood  pressure  in  mm.  Hg.,  abecisBae  time  in  minutes. 
The  dots  (joined  by  solid  lines)  denote  the  height  of  the  blood  pressure  riae 
resulting  from  injectioD  of  the  specified  amouut  of  adrenin.  At  A,  stimulation 
of  the  left  cervical  sympathetic  nerve  for  15  minutes. 
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Effect  of  injecting  a  large  dose  of  adrenin.  Adrenin  mimics  Bym- 
pathetic  imipulses,  and  Cannon  and  Cattell,  after  its  injection,  have 
demonstrated  an  action  current  in  the  thyroid.  Figures  3  and  4 
(Experiment  XVIII)  picture  the  results  after  injecting  10  ce.  of  adrenin, 
1 :  100,000.  There  ia  the  usual  latent  period  followed  by  gradual 
augmentation  in  pressor  response  until,  160  minutes  after  the  injection , 


Fig.  3.  Experimeot  XVIII.  Effect  of  injectiDg  b  large  dose  of  adrenin. 
Curves  show  rises  in  blood  pressure  after  injection  of  0.3  cc.  adrenin,  1 :  100,000. 
A,  control,  (13  minutes  after  A,  injection  of  10  cc,  adrenin,  1: 100,000,  during  a 
10-minute  period).  B,  32  minutes  after  the  injection.  C,  60  minutes  after  the 
injection.  D,  102  minutes  after  the  iojection.  E,  162  minutes  after  the  in- 
jection.   F,  327  minutes  after  the  injection. 

the  rise  produced  is  82  mm.  Hg.  as  compared  to  the  control  of  18  mm. 
Hg. — an  increase  in  effectiveness  of  over  300  per  cent !  The  removal  of 
both  thyroids  at  B,  figure  4,  did  not  prevent  the  effect  from  continuing 
for  a  number  of  hours,  though  as  seen  in  figures  1,  2,  3  aod  4  there  is 
at  times  a  tendency  for  the  curve  to  diminish  toward  the  end  of  the 
experiment. 
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Fig.  4.  Complete  chart  of  Experiment  XVIII.,  (See  fig.  3.)  At  A,  injection 
of  10  cc.  adreoiD,  1 :  100,000,  during  a  10-^inute  period.  At  .B,  both  thjrotd 
glanda  removed. 


Fig.  5.  Experiment  XIll.  Effect  of  repeated  injections  of  minute  doscB  of 
adrenin.  Curven  show  rises  in  blood  pressure  aft«r  injection  of  0.2  cc.  adrenin, 
1: 100,000.  A,  control.  B,  35  minutes  after  A.  C,  100  minutes  after  A.  D,  120 
minutes  after  A.    E,  135  minutes  after  A. 


Flfr  «.  Complete  Chart  of  Experiment  XIII.    (See  fig.  5.) 
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Effed  of  repealed  injecHont  of  minule  doses  of  adrenin.  Repeated 
testing  of  the  circulatory  response  requires  the  repeated  injection  of 
Bmall  doses  of  adrenin  at  intervals;  and  the  electrical  evidence  of  Cannon 
and  Cattell  indicates  that  even  minute  doses  are  sufficient  to  induce 
secretory  activity  in  the  thyroid.  In  Experiment  XIII,  (figs.  5  and  6) 
0  injections  of  0.2  cc.  adrenin,  1:100,000,  were  made  in  the  course  of 
135  minutes.  Again  there  is  seen  the  gradual  gain  in  the  height  of  the 
rise,  from  a  control  of  14  mm.  Hg.  to  a  response  of  38  mm.  Hg.,  an 
increase  of  over  160  per  cent. 

A  few  of  the  cats  struggled  vigorously  while  being  placed  in  the  holder 
and  during  the  stage  of  primary  anesthesia.    They  took  the  ether 


A  B  C  D  E 

Fig.  7.  Experiment  LX.  Failure  of  effect  of  cervical  iympatbetic  ■timul&tion 
after  removal  of  both  thyroid  glands.  Double  thyroidectomy  performed  1 
hour  and  45  minutes  prior  to  first  adrenin  injection.  Curves  show  rises  in  blood 
presaure  after  injection  of  0.3  cc.  adrenin,  1: 100,000.  A,  control.  (8  minutes 
after  A.,  stimulation  of  left  cervical  sympathetic  for  5  minutes,  immediately 
followed  by  stimulation  of  the  right  cervical  sympathetic  for  5  minutes.)  B, 
2  minutes  aft«r  stimulation.  C,  31  minut«s  after  stimulation.  D,  86  minutes 
after  stimulation.     E,  131  minutes  after  stimulation. 

poorly.  Their  tail-hairs  stood  on  end  and  the  pupils  became  widely 
dilated.  It  was  noted  on  beginning  to  take  control  records  some  40 
or  50  minutes  later  that  there  was  a  progressive  increase  in  the  height 
of  the  three  curves,  though  taken  at  5  or  10  minutes  intervals.  Emotion 
(9),  ether  (10)  and  asphyxia  (11),  all  conducive  to  adrenal  discharge, 
had  apparently  caused  sufficient  liberation  of  adrenin  to  stimulate  the 
thyroid.  It  is  probable  that  there  was  also  direct  nervous  stimulation 
of  the  thyroid  through  impulses  passing  along  the  cervical  sympathetic. 
The  40  or  50  minutes  required  to  prepare  the  animal  for  the  experiment 
had  served  as  the  necessary  latent  period  and  the  thyroid  secretion 
at  once  manifested  its  presence. 
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been  reported  by  numerous  observers  (Krause,  Fraenkel,  TreiMldcB- 
buT%,  Ott  and  Scott  and  others)  that  in  clinical  states  of  faypcrthT- 
roidism,  as  well  as  after  injection  into  aniouils  of  thyroid  extract,  tfaoc 
ie  an  increase  in  the  adrenin  content  of  the  blood  and  the  asBumptMB 
has  therefore  been  made  that  thyroid  secretion  acts  as  a  direct  stJnm- 
lant  to  the  suprarenal  capsules  causing  them  to  yield  adrraiin  to  the 
blood  in  large  quantities.  It  is  suggestive  also  that  in  cats  with  eipai- 
mental  hyperthyroidism  Cannon,  Binger  and  Fitz  (13)  found  tbe  adreul 
^nds  to  be  nearly  three  times  their  normal  size. 

It  might,  therefore,  be  inferred  that  the  increased  ^ect  of  adicnin 
in  raising  blood  pressure  after  inducing  secretion  in  the  tfayrmd  is  due 


I  ! 


Fig.  1 1.  Experiment  XL.  Effect  of  sympathetic  stimoUtwa  foUoscd  by  im- 
Boediate  removal  of  both  thyroid  glands.  Curvee  abow  wimm  ia  falood  prmuk 
after  injection  of  0.3  cc.  adrenin,  1: 100,000.  A,  controL  '.14ininiac«  after  A, 
■timulation  of  left  cervical  sympathetic  for  5  minutes,  immediaMlr  followed  bj 
atimnUtion  of  tbe  right  cervical  sympathetic  for  5  minalca.  Five  sunatea  later, 
double  thyroidectomy.)  B,  35  minutea  after  atimulalioB.  C.  IS  ninutc*  after 
•timulation.  D,  210  minutes  after  sti  mulation.  E,  30D  uinul**  afier  atimilsltoii. 
F,  465  minutes  after  stimulation. 


to  a  greater  amount  of  circulating  adrenin  wfakli  vould  make  the 
injected  dose  mwe  efficacious.  Against  this  explanation,  to  be  sure, 
is  tbe  absence  <^  a  rise  in  pressure  after  stumJauoo.  tbe  in%-anable 
latmt  pmod,  in  spite  of  the  fact  that  both  thyrme  and  adreoAb 
■ecrete  |Hi»nptly,  and  the  fact  that  none  of  thee  cooihiaos  are  eoo- 
■istent  with  a  gradually  increasing  effect. 

The  final  proof  is  brought  in  Expmnieoi  XIJT.  a^  13  and  14) 
■B  wbirh  a  double  adrenalectomy  throng  a  tt»<&k-.   iBaaoci*  was 

*  It  «sa  found  feasitJe  to  piifa  os.',y  bmn  and  wiiJi"!  a  i  MiMih  od  which 
laiHnWc^T  vsc  lo  be  perfonned,  fiare  tk»  naiiaiiaa  ««  taaa  pctbrd  to  mid- 
tbaf*z  inrwiabJT  txaaed  a  danirrrr^^  or  f*:a^  fa^  a  pnas^.     F^utv  to  destroy 
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performed  50  minutes  prior  to  the  first  adrenm  injectioD.  The  ab- 
sence  of  the  ordinary  latent  period  is  not  surprising,  since  Crowe  and 
Wislocki  (14)  have  pointed  out  that  any  operative  procedure  on  either 
mdrenal  liberates  sufficient  adrenin  to  produce  glycosuria  and  this 
aiDOunt  would  undoubtedly  suffice  to  initiate  secretory  activity  in  the 
thyroid.  The  increase  in  the  size  of  successive  curves  prevails  as  in  the 
unoperated  animals. 

In  other  similar  experiments  in  which  the  adrenal  veins  were  more 
quickly  ligated  on  entering  the  abdomen,  the  usual  latent  period  was 
observed: 

Effeda  of  injecttJig  the  crystalline,  iodin-coniaining  compound  itoiated 
from  the  thyroid  by  Kendall  {15).  Through  the  kindness  of  Dr.  E.  C. 
Koidall  of  the  Mayo  Clinic,  it  has  been  possible  to  experiment  with  this 
substance,  which,  in  minute  doses  has  produced  strikingly  benefid&l 
remits  in  cretins  and  myxedematous  individuals  (16).  A  solution 
emtaining  0.3  mg.  per  cubic  centimeter  of  the  crystalline  compound 
and  having  an  iodin  content  of  0.184  mg.  per  cubic  centimeter  (60  per 
eoit)  was  employed.  Hie  dosage  used  was  approximately  1  mg.  of  the 
oystals  pen  kg.  of  body  weight. 

Intravenous  injection  into  previously  thyroidectomized  cats  caused 
DO  appreciable  alteration  in  blood  pressure  or  pulse  rate  but  did  pro- 
duce an  increase  in  the  effectiveness  of  adrenin  as  a  pressor  agent,  as 
in  Uie  stimulation  experiments.  (See  table  2.)  Two  points  are  worthy 
erf  special  note;  first,  there  was  no  marked  latent  period  after  injection 
<rf  Kaidall's  compound,  the  effect  being  demonstrable  a  few  minul«8 
atter  ha  introduction  into  the  circulation;  second,  the  duration  of  the 
effect  was  relatively  shorter  than  in  tJie  experiments  in  which  the 
thyroid  gland  was  stimulated  in  the  animal  body.* 

Critical  diacumon.  Kepinow  (17)  and  others  have  demonstrated 
tiiat  after  injection  of  extracts  of  pituitary,  there  is  an  increase  in  the 

•ubadiu?  vAscMDotor  centera  probably  &c(?ounta  for  Ibe  greater  vkristtou  in 
tlw  baoal  blood-preasure  levels  in  tbeae  experiments.  Soch  Tviations  an  of  em 
aignifionee,  however,  since  Asber  (Hering-Festacbrirt.  1910,  Hftger,  Bonn) 
bag  sbovn  tbat  tbe  effect  of  vaaorootor  stiniulalioa  is  tbe  ^jne  wbetber  tbe  ioitiil 
blood  jHesBure  be  bigh  or  low. 

*  Aa  hss  been  mentioned  earlier  in  tbis  pB|>er.  Oswald  bw  obaerred  both 
latent  period  and  long  duration  of  eflect  after  injeeiiag  todthyraoglobuUn  tod 
has  explained  tbem  both  on  tbe  basis  of  the  eo'.loidal  aalnre  of  hia  product. 
It  is  coooeiralJe  that  tbis  explanation  of  tfaoe  phpMmMta  boMs  good  stao  with 
regard  t«  tbe  accretion  liberated  bjr  tbe  ^utd  ia  tbe  bodr-  The  more  rapid 
mauifi^Ktalion  of  Bftivity  and  aborter  effective  petiod  o(  Kesdall's  preparation 
may  powil.'ly  be  dependent  on  its  crvstallioe  cbaiAticr. 
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TAB1£  1. 

Effect*  after  injection  of  KendaU't  eryttaUine,  iodin-eorUaitnng  thyroid  eompowtd 

Bxperintmi  LVIll.    June  95.    Smail,  female  eat.    Weight,  1.9  kg. 
9.30-9.42    Ether.    Thyroidectomy  (complete).    Pithed  through  medulla.    Both 
vago-sympathetic  trunks  cut.    Pithed  to  mid-thorax.    On  wanninK 


(KM.  BO.) 

"SS-^SSi" 

-Ja^m."— 

10.20 

adrenin,  1: 100,000,  at  rale 
of  0.02  cc.  per  second. 

48 

51 
52 

62 
74 

72 

•96 
92 
54 
45 

144 

147 
148 

156 
159 
156 

153 
162 
164 
141 

201 

10  35 

No.  3 

10.52-10,55 

5  cc.  c<»npound,  intravcn- 

oualy 
No.  5 

12.30-12-33 
12  35 

5  cc.  compound,  iotraven- 
ously 

2  20 

power  of  adreniD  to  raise  arterial  pressure.  According  to  Weed, 
Gushing  and  Jacobson  (18)  the  pituitary  glaud  secretes  actively  on 
stimulation  of  the  superior  cervical  sympathetic  ganghon.  Pituitary 
secretion,  however,  cannot  play  any  rfile  in  modifying  the  results  of 
the  experiments  herein  described.  For  the  upper  central  nervous  system 
and  its  circulation  are  so  thoroughly  destroyed  by  pitbiuK  that  there 
can  be  no  appreciable  absorption  from  the  subarachnoid  space.  And 
incontrovertible  is  the  fact  that  with  the  thyroid  glands  removed, 
though  other  conditions  remain  unchanged,  the  usual  effect  is  absent. 

Bdmer  has  pointed  out  that  in  rabbits,  pituitary  extract  slows 
heart  rate  and  causes  diminished  cardiac  systole,  and  attributes  the 
increased  effectiveness  of  adrenin,  after  pituitrin  injection,  to  its  greater 
concentration  in  the  blood  as  a  result  of  mechanical  slowing  of  the 
circulation.  A  similar  criticism  is  not  applicable  to  the  present  work. 
For,,(l)  at  the  time  of  increase  in  pressor  response  there  is  no  slowing 
of  heart  rate;  (see  tig.  12  and  table  1.);  (2)  there  is  no  prt^ressive 
lengthening  of  latent  period  between  adrenin  injection  and  circulatory 
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response  as  would  occur  if  the  circulation  were  slowed;  (3)  pulse  pres- 
Bure  tends  often  to  increase  rather  than  diminish;  (4)  in  a  number  of 
experiments  the  increase  in  the  height  of  the  curves  has  been  followed 
by  a  subsequent  diminution  in  their  size  (see  figs.  1,  2,  3,  4, 11  and  12); 
and  finally,  (5)  with  thyroids  removed,  and  therefore  no  increase  in 
adrenin  effectiveness,  there  may  be  a  slowing  of  pulse  rate  during  the 
course  of  the  experiment  (see  fig.  8). 

It  is  clear  therefore,  that  the  greater  adrenin  response  after  thyroid 
stimulation  is  due  to  a  sensitization  of  the  sympathetic  structures 
arted  on  by  adrenin  in  raising  blood  pressure.  The  action  of  thyroid 
secretion  on  sympathetic  endings  is  a  selective  one,  for  there  is  no  con- 
comitant increase  in  excitability  of  the  augmentors  of  the  heart. 

BUHUABY 

1.  In  cats,  after  stimulation  of  the  cervical  sympathetic  in  the  neck, 
there  can  be  demonstrated  an  increase  of  the  effectiveness  of  adrenin 
in  raising  arterial  pressure.  This  increase  may  be  as  much  as  200  to 
300  per  cent. 

2.  Injection  of  adrenin,  even  in  minute  amounts,  produces  a  simiUr 
effect. 

3.  This  effect  is  manifest  only  after  a  latent  period,  which  may  vary 
from  about  40  to  60  minutes.  There  is  then  a  progressive  increase  in 
the  height  of  the  curves,  the  maximum  being  reached  in  from  2  to  3 
hours  after  stimulation.  The  effect  is  of  considerable  duration,  having 
been  observed  for  as  long  as  7  hours. 

4.  When  the  thyroid  glands  have  been  previously  removed,  cervical 
sympathetic  stimulation  or  adrenin  injection  does  not  produce  an 
increase  in  the  pressor  response  to  adrenin.  It  is  therefore  justi- 
fiable to  conclude  that  (a)  stimulation  of  the  cervical  sympathetic  m 
adrenin  injection  induces  siecretory  activity  in  the  thyroid  gland, 
{tiaiB  confirming  the  observations  of  Cannon  and  Cattell);  and  (b) 
thyroid  secretion  renders  more  excitable  the  sympathetic  stnictures 
acted  on  by  adrenin  in  raising  arterial  pressure. 

5.  Stimulation  of  the  cervical  sympathetic  causes  the  thyroid  to 
secrete  promptly,  since  thyroidectomy  immediately  after  stimulatioD 
is  followed  by  a  progressive  augmentation  in  pressor  response  similar 
to  that  observed  when  the  glands  are  left  in  the  animal  throughout 
the  course  of  the  experiment. 
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6.  Intravenous  injection  into  thyroidectomized  cats  of  a  solution 
of  the  crystalline,  iodin-containing  compoiind  isolated  from  the  thyroid 
by  Kendall,  is  followed  by  an  increase  in  the  efficacy  of  adrenin  as  a 
pressor  agent.  The  effect  is  demonstrable  almost  inunediately  after 
injection  and  is  of  relatively  shorter  duration  than  in  the  stimulation 
experiments.  This  substance  causes  no  appreciable  alteration  in  blood 
pressure  or  pulse  rate. 

7.  Neither  during  nor  after  stimulation  of  the  thyroid  gland  through 
its  secretory  nerves  is  there  any  significant  change  in  blood  pressure  or 
pulse  rate. 

8.  After  thyroid  stimulation,  even  at  the  time  when  adrenin  is  more 
effective  as  a  pressor  agent,  there  is  oo  increase  in  the  augmentation  of 
pulse  rate  produced  by  adrenin  injection.  This  indicates  a  selective 
action  of  thyroid  secretion  in  sensitizing  sympathetic  tissues  to  the 
action  of  adrenin,  since  the  increase  in  vascular  response  is  not  associ- 
ated with  greater  excitability  of  the  augmentors  of  the  heart. 

9.  In  cats  whose  adrenal  glands  have  been  previously  removed,  there 
can  be  demonstrated,  after  thyroid  stimulation,  an  increase  in  pressor 
response  similar  to  that  seen  in  unoperoted  animals.  Though  there 
ie  some  evidence  in  the  literature  indicating  that  thyroid  secretion 
acts  as  a  secretory  stimulant  to  the  adrenals,  the  increased  effectiveness 

.  of  adrenin  as  a  pressor  agent  after  thyroid  stimulation  is  not  dependent 
on  a  greater  amount  of  circulating  adrenin. 

It  is  a  pleasure  to  express  my  cordial  thanks  to  Dr.  W.  B.  Cannon 
for  his  helpful  interest  and  advice. 
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In  several  papers  from  this  laboratory  the  relation  of  various  endo- 
crine glands  and  particularly  the  suprarenals  to  the  vasomotor  sys- 
tem has  been  considered.  In  these  studies  the  vasomotor  appara- 
tus was  considered  as  a  whole.  The  fact,  however,  that  various  com- 
ponents of  the  vasomotor  system  react  differently  to  adrenin  makes  it 
desirable  to  investigate  further  the  effects  of  that  substance  on  vascu- 
lar conditions  throughout  the  body.  This  is  in  effect  to  detenoine  the 
influence  of  adrenin  on  the  distribution  of  the  blood.  Such  studies  are 
needed  in  case  of  various  glands  on  account  of  then-  possible  broad  sig- 
nificance in  endocrine  biology.  Theoretically  any  hormone  might  ex- 
ercise a  profoimd  infiuence  upon  body  functions  by  shifting  the  circu- 
lation in  favor  of  one  organ  at  the  expense  of  another.  This  possi- 
bility has  received  little  attention  at  the  hands  of  investigators. 

So  far  as  we  are  aware  the  only  investigators  who  have  studied  the 
specific  problem  of  the  relation  of  the  suprarenals  to  the  distribution 
of  the  blood'are  Falta  and  Priestly  (1).  Their  method  was  to  admin- 
ister to  an  animal  subcutaneously  a  large  dose  of  adrenin  (1  mgm.  per 
kilo)  and  then  from  one  to  several  hours  later,  when  the  animal  was 
supposedly  under  the  influence  of  the  drug,  to  note  the  condition  of 
various  organs.  This  was  done  by  opening  the  body,  quickly  clamping 
off  the  organs  and  observing  the  degree  of  anemia  or  hyperemia  present. 
It  was  reported  that  the  adrenin  injections  resulted  in  an  accumulation 
of  blood  in  the  lungs,  brain,  liver  and  kidneys,  while  the  skin,  mucous 
membranes,  spleen  and  muscles  were  pale.  The  conclusion  was  reached 
that  the  function  of  the  suprarenals  is  so  to  regulate  the  blood  vessel 
caliber  throughout  the  body  that  an  adequate  circulation  to  the  vital 
tissues  can  be  maintained  with  a  minimal  cardiac  effort. 
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This  work  is  open  to  various  objections.  Whether  subcutaneous  in- 
jections of  adrenin  at  all  closely  simulate  adrenal  discharge  is  doubtful 
Kleiner  and  Meltzer  (2)  have  found  that  so  far  as  glycosuric  efferte 
at  any  rate  are  concerned  the  results  of  introducing  adreuin  into  i 
vein  and  under  the  skin  are  notably  different.  Also  mere  inspection  of 
the  organs  is  but  a  rough  way  of  determining  their  blood  content  ftod 
might  well  fail  to  disclose  significant  conditions.  That  the  method  wu 
inadequate  is  indicated  by  the  failure  of  the  reported  results  to  agree 
in  some  particulars  with  more  adequate  plethysmograph  studies.  For 
example  there  is  no  doubt  that  the  liver  and  kidneys  contract  under 
the  influence  of  adrenin  although  they  were  reported  by  Falta  and 
Priestly  as  hyperemic. 

The  best  known  and  most  complete  investigation  of  the  effects  of 
adrenin  on  the  blood  content  of  different  organs  is  the  first,  made  by 
Oliver  and  Schaefer  (3)  in  1894-1895.  The  reports  of  this  work  con- 
tain most  of  the  pertinent  data  that  have  ever  been  recorded  on  the 
subjects  treated.  The  work  still  needs  supplementing,  however,  in  ca- 
tain  respects.  For  example  no  determinations  of  changes  of  gut  v(d- 
unie  were  made.  Also  their  method  of  administering  the  extracts  used 
was  ordinarily  by  short  lasting  injections  whereas  normal  adrenal  dis- 
chai^  supposedly  persists  throu^  a  longer  period  of  time.  This  per- 
sistence might  permit  secondary  adjustments  to  occur  and  signifi- 
cantly alter  the  reaction  picture.  The  possible  effects  of  variations  io 
dosage  also  failed  to  receive  much  attention,  the  supposition  at  that 
time  being  that  sucK  variations  produce  merely  quantitative  differences 
in  the  reactions.  But  investigations  of  more  recent  years  have  shown 
that  the  effects  of  adrenin  may  be  diametrically  different  depending 
upon  the  amount  used.  For  example  the  pulmonary  vessels  are  di- 
lated by  small  doses  but  constricted  by  large  (4).  In  the  respects 
mentioned  the  subject  is  still  open  to  investigation. 

The  first  studies  of  the  effects  of  adrenin  on  limb  volumes  were  re- 
ported in  Oliver  and  Schaefer's  paper  just  mentioned.  It  was  found 
that  the  limb  usually  contracted.  (In  the  literature  they  have  been 
misquoted  on  this  point.)  In  some  of  their  experiments,  however,  an 
expansion  of  the  limb  was  noted.  These  results  have  been  confirmed 
by  Vincent  (5).  It  was  found  that  the  expansion  was  particularly  lik^ 
to  occur  toward  the  end  of  an  experiment.  It  was  regarded  as  "pas* 
sive."  In  certain  instances  one  limb  expanded  while  its  fellow  con- 
tracted. This  inconstancy  was  ascribed  to  a  struggle  between  active 
constriction  of  the  arterioles  and  dilatation  of  the  larger  vessels  within 
the  plethysmograph. 
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Several  investigators  have  recorded  observations  on  the  effects  of 
adretiin  on  the  outflow  from  perfused  limbs.  In  the  use  of  the  Lawen- 
Trendetenburg  perfusion  method  of  assaying  adrenin  abundant  proof 
has  been  secured  that  this  substance  in  all  dilutions  causes  vasocon- 
striction in  the  legs  of  the  frog  (6).  Similar  results  have  been  reported 
by  Brodie  and  Dixon  (7),  Embden  and  v.  FOrth  (8)  and  by  Biedl  (9). 

Gerhardt  (10)  dissected  out  the  vessels  of  a  bit  of  living  muscle  and 
studied  them  under  a  microscope.  When  adrenin  was  injected  he  was 
not  able  to  detect  changes  in  the  caliber  of  either  the  arterioles  or  the 
venules  but  concluded  that  the  arterioles  as  a  matter  of  fact  must 
have  constricted  for  otherwise  the  veins  would  have  shown  a  dilatation 
as  a  result  of  the  increased  arterial  pressure  that  ensued. 

The  foregoing  observations  have  been  interpreted  as  indicating  that 
adrenin  causes  vasoconstriction  in  skeletal  muscle.  But  the  part 
played  by  the  skin  in  such  experiments  has  not  received  adequate  con- 
sideration. That  adrenin  causes  vasoconstriction  in  the  cutaneous  ves- 
sels has  been  reported  by  Velich  (11),  Baum  (12),  EUiott  (13)  and 
Vincent  (14),  From  the  study  of  the  limb  ^  a  whole,  therefore,  with- 
out knowing  the  extent  to  which  the  skin  participated  in  the  reaction 
no  conclusion  is  justified  regarding  the  reaction  in  the  muscle. 

Hartman  (15)  has  recently  investigated  the  relative  effects  of  adrenin 
in  the  "peripheral"  and  the  splanchnic  circulations.'  The  superior  and 
inferior  mesenteric  arteries,  the  coeliac  axis  and  sometimes  the  renal 
arteries  were  tied  off.  Under  those  conditions  it  was  noted  that  a  dose 
of  adrenin  that  had  previously  given  a  pressor  reaction  now  gave 
purely  or  predominantly  a  fall  of  pressure.  In  other  experiments  the 
carotid  and  subclavian  arteries  and  the  abdominal  aorta  above  the  iliac 
were  tied  off.  The  circulation  was  thereby  restricted  largely  to  the 
trunk  and  thoracic  viscera  and  the  splanchnic  region.  Under  such 
conditions  the  circulation  was  regarded  as  predominantly  splanchnic. 
(That  this  was  so  follows  from  the  work  of  Burton-Opitz  (16)  who 
found  that  the  liver  and  kidneys  receive  a  lai^e  proportion  of  the  blood 
passing  through  the  aorta.)  Hartman  found  that  when  the  peripheral 
circulation  was  so  excluded  the  dos^e  of  adrenin  that  normally  gave 
predominantly  a  fall  of  pressure  now  gave  a  rise.  In  four  cases  the  two 
types  of  experiment  were  alternated  in  the  same  animal.  In  each  in- 
stance clamping  the  peripheral  arteries  transformed  a  depressor  to  a 
pressor  reaction.  The  results  of  clamping  the  splanchnic  vessels  were 
less  consistent  but  in  general  left  unchanged  or  augmented  the  depres- 
sor effect.    From  these  observations  it  would  appear  that  a  discharge  of 
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adrenin  into  the  blood  stream  would  result  in  a  simultaueouB  constrio 
tion  in  the  splanchnic  and  dilatation  in  the  p>eripheral  circulstiiw. 
Since  in  these  experiments  the  "peripheral  circulation"  included  > 
large  area  of  skin  the  vessels  of  which  react  by  constriction  it  follon 
that  the  vesseb  of  the  muscles  must  have  dilated.  No  experiments 
were  made  to  determine  to  what  extent  the  skin  and  muscle  actually 
did  participate  in  the  reactions. 

That  a  specific  relationBbip  exists  between  muscular  efficiency  and 
circulating  adrenin  has  been  asserted  by  several  investigators.  Olirv 
and  Schaefer  (17)  showed  in  1894  that  suprarenal  extracts  increase  the 
activity  of  skeletal  muscle  both  in  mammals  and  frogs.  Deasy  and 
Grandis  (18),  Panella  (19)  and  Joteyko  (20)  have  reported  that  adreoiu 
improves  the  activity  of  amphibian  muscle.  According  to  Joteyko  the 
effect  is  due  not  to  stimulation  of  the  muscle  but  to  a  change  in  the 
sarcoplasm  that  renders  it  more  sensitive  to  nervous  impulses.  Id 
amphibian  muscle  the  effect  is  very  slight. 

In  mammals  the  beneficial  influence  of  adrenin  is  more  marked  and 
more  easily  demonstrated.  Cannon  and  Nice  (21)  have  shown  that 
injections  of  the  drug  or  stimulation  of  the  suprarenal  glands  through 
their  nerves  improves  the  activity  of  stimulated  muscle,  sometimes  100 
per  cent.  This  favorable  effect  was  noted  even  when  the  blood  pres- 
sure  was  mechanically  prevented  from  rising.  -  Gruber  (22)  has  found 
that  adrenin  greatly  hastens  the  recovery  of  a  muscle  from  fatigue. 
This  result  he  concluded  was  not  due  to  any  influence  on  the  vasomotw 
system  whereby  the  circulation  of  the  muscle  was  increased.  No  di- 
rect studies  were  made,  however  of  the  effects  of  adrenin  on  the  circu- 
lation of  the  muscle  under  the  conditions  of  his  experiments. 

As  to  how  the  beneficial  influence  of  adrenin  on  muscle  is  brou^t 
about  several  possibilities  present  themselves.  Aniong  these  are  in- 
creased mobiUzation  of  dextrose,  a  direct  influence  of  the  adrenin  on 
muscular  metabolism  and  changes  in  the  distribution  of  the  blood  fav- 
orable to  the  muscle.  It  was  thought  that  further  investigation  mi^ 
throw  some  light  on  this  problem. 

In  this  and  subsequent  papers  will  be  reported  the  results  of  a  series 
of  studies  of  the  effects  of  adrenin  on  the  volume  of  various  organs  and 
on  the  venous  outflow  from  them.  The  first  structure  to  be  considered 
is  the  limb  or,  more  specifically,  muscle  and  skin. 

Methods.  In  all  cases  dc^  were  used  as  experimental  auinutli. 
They  were  anesthetized  with  ether  or  ether  and  morphine. 

The  plethysmograph  used  for  the  leg  was  of  the  familiar  Moaao  type- 
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It  vas  simply  a  glass  cylinder  of  appropriate  diameter  closed  at  one 
end  by  a  paraffined  cork  stopper  through  which  passed  an  outlet  tube. 
The  other  end  was  adapted  to  the  leg  by  a  thin  rubber  cuff.  Leakage 
imder  the  cuff  was  prevented  by  a  liberal  use  of  vaseUne.  Air  trans- 
mission was  employed.  The  outlet  tube  was  connected  to  a  recorder 
by  rubber  tubing  in  which  was  interpolated  a  glass  T-tube.  Through 
this  the  system  was  put 
under  a  positive  pres- 
sure amounting  to  4  or 
6  cm.  of  water. 

After  considerable 
experimentation,  with 
different  types  of  re- 
corders that  described 
below  was  improvised 
and  adopted  for  routine 
use.  It  consists  essen- 
tially of  a  water  mano- 
meter and  float  and  a 
counterpoised  "heart 
lever"  to  which  the 
movements  of  the  float 
are  transmitted.  In 
the  form  first  used  the 
transmission  was  by 
means  of  an  aluminium 
wire  as  shown  in  figure 
1.  Later  a  thread  was 
substituted  for  the  wire 
and  found  to  be  more 
satisfactory.  The 
thread  is  attached  to 
the  float  by  means  of  a 
bit  of  colophonium  wax.  For  a  float  an  empty  adrenalin  ampoule 
serves  admirably.  Experience  showed  that  the  best  results  are  se- 
cured when  the  bore  of  the  manometer  is  only  slightly  greater  than 
the  outside  diameter  of  the  float.  The  instrument  proved  to  have 
several  points  of  superiority.  As  compared  to  a  water  manometer 
in  which  the  thrust  is  transmitted  directly  to  the  writing  point  this 
has  two  advantages:    The  record  can  be  written  at  any  magnification 


Fig.  1.  Float  recorder.    rDtogrammatic;  writing  lever 
ghown  at  reduced  tnafcoification.) 
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desired  simply  by  adjusting  the  attachment  of  the  transmifision  thread 
along  the  arm  of  the  writing  lever;  also,  the  lateral  extension  of  the 
writing  lever  provides  considerable  latitude  for  adjustment  of  the  ap- 
paratus to  the  drum  whereas  when  the  direct  thrust  is  transmitted  as 
in  the  faniiUar  mercur>'  manometer  it  is  difficult  to  arrange  for  two  or 
more  records  in  the  same  ordinate.  As  compared  with  a  piston  re- 
corder of  equal  delicacy  this  has  the  advantage  of  requiring  no  lubrica- 
tion. Also  a  bit  of  dust  or  distortion  of  the  transnussJon  from  accurate 
alignment  does  not  bring  the  apparatus  to  a  standstill.  The  small  cost, 
simplicity  and  ease  of  securing  the  apparatus  are  other  obvious 
advantages. 

Injecliuns  or  infusions  were  made  into  a  femoral  vein  throi^h  a  can- 
inita.  The  cannula  was  connected  by  a  rubber  tube  with  a  reservoir 
of  isoamotic  saline  solu- 
tion. The  tube  was  closed 
by  a  clip  near  the  can- 
nula. The  drug  was  in- 
troduced into  the  tube 
and  flushed  instaatane- 
ousfy  into  the  vean  by 
opening  the  clip  or  it 
was  infused  more  slowly 
fixxa  a  burette  through  a 
hypodermic  needle  inbo- 
duced  throu^  the  rubber 
tube  into  tbe  venous  can- 

««  of  *b«i-.  *pr«»r  mf -^oo.  -*»    "     md«t     tO     tbe 

iR«duc«d  lo  i  '  genefal  efficiency  of   the 

dosages  <rf  adroiin  em- 
[Joyvd  arwrial  Mvx>d  pree»ire  w;is  always  morded.  in  most  cases  the 
prvssun*  w^»$  mt-^iu^nKt  with  a  tu«rvur>-  nuioometer  damped  to  exclude 
the  pu'-A-  v'«.-i'.'j>:;\Hav  Th^v  werv  rwvrded  by  meaosof  a  small  tambour 
o.v,::^-;;v.!C  w.:h  a  sivfe-  branch  i^i  ;h«  lub^  Ivadiiig  to  the  artery.  This 
vvn-,?u-.t>.i  SM-:I-.«.xi.  a$  pitr.trti  oct  by  SfLlrrmn  and  Pikbo-,  has  advmn- 
ta^jci^  ovvT  th-?  -ssv  vt"  «:b.«-  niakEOj-.s^cec  or  tambour  aluie. 

^■/.vis  .•/"*--.^. t  :■«  t**  :i;.\-t  '..-no.  The  effects  of  adrcnio  OQ  tbe 
\v>,;"f  >.>t  tiv  ;::a^t  ..v.-.b  wctv  irst  jiv*«igated.  Vaiying  dosages 
»v--v  u.-*vi  ;rv;v  ;^',w^  »^  ■,■>  ^vv  i  fil".  oi  pgcoonn  to  those  causing  a 
■■.,*<,\>i  --^'       i"''-.-  ^Jur^::-.-"  i^'  i.;";--:;^Kkt;oD  varied  from  about  ooe 
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second  to  ten  minutea.  Blood  pressure  from  the  f^noral  artery  was 
recorded  by  the  method  previoualy  described.  Ordinarily  the  1^  used 
io  the  plethysmc^rsph  was  a  forelimb  but  a  hind  Umb  also  was  occa- 
sionally employed.  Dogs  of  about  14  kilograms  weight  were  selected. 
The  legs  of  these  could  be  included  in  the  pletbysmc^raph  up  to  the 
lower  end  of  the  humerus  or  femur. 

Figure  2  shows  the  effect  of  a  relatively  small  dose  of  adrenin  admin- 
istered by  infusion.  Slight  cubic  centimeters  of  1-100,000  solution 
was  introduced  during  a  period  of  one  hundred  and  thirty  seconds. 
The  leg  volume  at  first  increased  slightly,  the  expansion  lasting  about 


Fig.  3.  Nonnal  leg  coDtractiDg  under  the  influenca  of  ulreiiiii,  pmaor  iaje»- 
tioa.    (Reduced  to  }.) 


thirty  seconds,  coinciding  with  a  brief  rise  of  arterial  pressure.  Then 
as  blood  pressure  fell  the  volume  decreased.  The  lowest  point  wai^ 
reached,  however,  eighty-five  seconds  after  blood  pressure  started  to 
rise  or  thirty-five  seconds  after  the  infusion  was  discontinued.  The 
blood  pressure  and  leg  volume  reached  their  normal  at  the  same  time. 
This  graph  standing  alone  would  probably  be  taken  to  indicate  ^lat 
the  volume  changes  in  the  limb  were  passive.  In  many  cases,  however, 
such  an  interpretation  is  not  possible. 

Figure  3  for  instance  shows  a  case  in  which  an  injection  of  adrenin 
caused  a  marked  contraction  of  the  leg  which  was  clearly  not  a  passive 
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effect  Bince  the  greater  part  of  the  contraction  occurred  wbile  the 
blood  pressure  was  above  normal. 

Figure  4  shows  one  of  the  cases  that  were  occasionally  seen  in  which 
an  expansion  instead  of  a  contraction  resulted  from  adrenin.    The 
case  is  striking  in  that  only  a  small  instantaneous  injection  was  used. 
The  expansion  in  this  case  again  is  obviously  not  a  passive  effect;  the 
limb  did  not  begin  to  increase  in  volume  until  the  pressor  reaction  wu 
passed  and  it  continued  for  some  time  after  the  pressure  had  reached 
essentially  its  normal  level.     In  the  %ht  of  later  experience  it  is  sus- 
pected that  this  was  an  unusually  muscular  dog  but  at  the  time  the 
record  was  made  the  significance  of  that  condition  was  not  realized 
and  no  note  on  the  point  was  made.     Ohver  atad  Schaefer  reported 
that  dilatation  of  the  limb  is  most  likely 
to  occur  toward  the  end  of  an  experi- 
ment.    In  the  case  shown  in  figure  4 
the  experiment  was  just  beginning. 

The  results  of  this  series  of  experi- 
ments as  a  whole  were  not  unlike  those 
of  Oliver  and  Schaefer.  In  all  156  ex- 
periments were  made  in  twenty-five 
different  dogs.  Seventeen  dogs  showed 
no  other  effect  than  contraction  at  any 
stage  of  the  experiment  or  with  any 
„     .    .,        ,  ,  ..         dosage.     One  showed  expansion  of  the 

under  the  ipBueiire  of  adre-        '""^  o^b'  while  seven  showed  sometmies 
nin.     fRrdtir*^  to  |.t  one  and  sometimes  the  other  depending 

upon  the  dosage  or  a  change  in  the 
rondilionuf  Ihr  animal  during  the  course  of  the  experiment.  The  con- 
ditioi:s  that  could  bring  about  a  reversal  in  the  volume  reactions  were 
not  fully  worked  out  but  it  was  noted  that  hydremic  plethora  is  one  of 
theiM. 

In  most  in^anr(«  the  effects  of  adrenin  in  the  Umb  could  not  be 
interpreted  ai^  passive.  There  was  little  parallelism  between  the  blood 
prei^ure  and  limb  \'olume  reactions.  Oneexperiment  was  particularly 
in^m(-ti\T  in  this  rrspert.  Tbe  dof  was  given  a  slow  adrenin  infusion 
lasting  ten  nnnutes.  This  resulted  in  a  brief  elevation  of  pressure  fol- 
lowrtl  by  a  rrtum  to  nonnal  and  persistence  at  the  normal  level  or 
sl)glill.v  N>Kiw  nortn.il  during  (he  whole  of  the  infusion  period.  Both 
leg  »nd  sj>Wn  >iT.*Ium«!  were  recorded.  In  both  a  diarply  marked  con- 
trariion  iH-runrd  whii-h  la^sted  throuniioul  the  infusion  period  and 
prruDptly  rt-swii  uMUM'tiialely  after  the  infufaoo  was  stopped. 
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Oue  passive  phenomenon  only  was  noted  with  any  degree  of  regu- 
larity; the  leg  volume  usually  was  increased  for  a  short  time  during  the 
first  pressor  stage  of  the  vasomotor  reaction .  This  expansion  according 
to  our  records  is  to  be  interpreted  as  due  to  the  first  effect  of  the  adren- 
in  in  the  heart.  After  it  enters  the  aorta  the  drug  is  at  once  carried 
through  the  coronary  circulation  and  stimulates  the  muscle  augmenting 
the  cardiac  output  while  the  peripheral  resistance  remains  unaffected. 
This  produces  a  brief  initial  increase  in  blood  pressure  which  in  turn 
causes  a  passive  expansioir  of  various  organs  at  the  expense  of  the  great 
veins.  In  this  expansion  the  limbs  share.  Then  as  the  drug  reaches 
the  penphery  the  local  effects  come  into  play  and  give  the  volume  curve 
its  characteristic  alterations.  This  feature  is  illustrated  in  figures  2 
and  3.  (In  figure  3  the  volume  recorder  was  writing  slightly  in  advance 
of  the  blood  pressure  manometer.) 

EffedB  of  adrenin  in  the  skinned  limb.  The  next  step  in  the  investi- 
gation was  to  determine  whether  and  if  so  to  what  extent  the  limb  con- 
traction was  due  to  ^isoconstriction  in  the  muscle.  The  components 
of  the  limb  that  have  chiefly  to  be  considered  in  such  determination  are 
the  bone,  muscle  and  skin.  As  to  the  bone  its  fixed  volume  precludes 
its  taking  any  part,  directly,  at  least,  in  the  contractions  or  expansions 
of  the  limb.  To  determine  the  relative  parts  played  by  the  muscle 
and  skin  the  obvious  method  was  foUowed  of  recording  first  the  volume 
changes  with  the  limb  intact  and  then  removing  the  skin  and  repeating 
the  experiment. 

The  skin  was  incised  all  around  just  above  the  lower  end  of  the 
humerus.  It  was  then  removed  by  traction  aided  by  the  occasional 
use  of  a  scalpel.  At  the  carpal  articulation  the  paw  was  amputated. 
Ordinarily  but  few  vessels  had  to  be  tigated.  Oozing  from  the  end  of 
the  stump  was  prevented  by  a  tourniquet  applied  as  a  figure  8,  the 
strands  crossing  between  the  ulna  and  radius.  Despite  the  severity 
of  the  procedure  the  dogs  usually  showed  little  or  no  evidence  of  shock. 

The  results  of  removing  the  skin  were  striking  and,  on  the  whole, 
consistent.'  Under  all  conditions  of  dosage,  duration  of  administra- 
tion and  resultant  effects  on  blood  pressure  adrenin  caused  expansion 
of  the  skinned  leg.  One  dog  only  offered  an  exception  to  this  rule 
and  that  only  with  large  doses.  In  all  in  this  series  one  hundred  and 
thirty-five  injections  or  infusions  were  made  in  eighteen  dogs.  In 
some  instances  the  leg  was  skinned  after  the  reaction  had  been  deter- 
mined with  it  in  its  normal  state.  In  other  cases  the  experiment  was 
begun  with  the  skin  removed.     The  experiment  was  also  varied  by  re- 
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cording  simultaoeously  the  volume  changes  in  two  legs,  one  being 
skinned  and  the  other  normal.  The  results  were  the  same  whatever 
method  was  used.  Figure  5  illustrates  a  typical  case.  The  firet  graph 
was  taken  with  the  leg  in  a  normal  condition.  The  skin  was  then  re- 
moved and  the  adrenin  injection  repeated.  The  volume  reacticm  was 
reversed  by  removing  the  skin.  The  animal  in  this  case  showed  more 
shock  than  usual  but  a  similar  reversal  occurred  when  the  operotioii 
resulted  in  no  apparent  shock  or  when  the  changes  in  a  normal  and  a 
skinned  leg  were  recorded  simultaneously.     In  different  experiments  a 


Fig.  5.  A,  Normal  leg  coDtractiog;  B,  same  leg  after  removal  of  the  Bkin  n 
panding  under  the  inHuence  of  adrenin.     (Reduced  to  i.) 


persistance  of  the  Umb  expansion  after  the  blood  pressure  had  returned 
to  normal  indicates  that  the  dilatation  was  not  a  passive  process. 

The  objection  might  be  offered  that  the  trauma  incident  to  removing 
the  skin  had  induced  a  local  vasomotor  paresis  which  would  account 
for  the  expansions  observed.  This  objection  could  probably  be  met  by 
removing  the  skin  from  the  distal  part  of  the  leg  leaving  a  considerable 
part  of  its  circulation  intact,  taking  a  record  with  this  skin  wrapped 
about  the  limb  and  then  repeating  the  injection  with  the  skin  left  out- 
side the  plethysmograph.  Indeed  such  an  experiment  was  planned. 
But  the  results  obtained  in  the  experiments  next  to  be  described  rend- 
ered this  superfluous. 
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Throughout  this  series  it  was  observed  that  removal  of  the  skin 
from  the  leg  caused  it  to  expand  under  the  influence  of  adrenin  whereas 
the  normal  limb  ordinarily  contracts.  The  contraction  therefore  woidd 
seem  to  be  due  to  vasoconstriction  in  the  skin  while  the  expansion  in 
the  skinned  leg  indicates  that  adrenin  causes  vasodilatation  in  the  mus- 
cle. One's  first  impression  is  Ukely  to  be  that  the  relative  mass  of  the 
skin  as  compared  with  that  of  the  muscle  of  the  limb  is  too  slight  to 
permit  vasoconstriction  of  the  cutaneous  vessels  to  overcompensate  for 
vasodilatation  in  the  muscles.  As  a  matter  of  fact  however,  in  the 
types  of  dogs  used  in  these  experiments  the  mass  of  the  muscles  in  the 


Fig.  6.  Blunned  leg  eantraetiiii  under  the  influaooe  of  adraoiii,  pr«Mor  infn- 
■ion.    ^Reduced  to  ).) 

lower  segmonts  irf  the  l^s  was  relatively  small  as  compared  with  that 
of  either  the  bone  or  skin.  It  is  quite  probable  that  with  short  l^ged 
unusually  musculv  dogs  the  vasodilatation  would  so  predominate  as 
to  cause  an  expansion  of  the  limb.  A  similar  result  would  probably  be 
obtained  if  it  were  feasible  so  to  adjust  the  plethysmi^iraph  as  to  include 
the  muscles  of  the  proximal  segment  of  the  limb. 

In  case  of  one  dog  an  exception  to  the  ordinary  effect  was  noted. 
This  is  illustrated  in  figure  6.  Ten  cubic  centimeters  of  adrenin  1- 
-  200,000  was  introduced  during  a  period  of  eighty  seconds.  During  the 
first  half  minute  the  volume  of  the  skinned  leg  increased.    Then  a 
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decrease  occurred  which  peraisted  for  some  time  after  the  blood  pree- 
sure  had  returned  to  normal.  The  cause  of  the  coatraction  in  the  ab- 
sence of  the  skin  was  not  determined.  Possibly  it  might  be  ascribed  to 
vasoconstriction  in  the  bone  such  as  Drinker  and  Drinker  (23)  have 
recently  observed  in  perfusion  experiments,  the  constriction  holding 
back  sufficient  blood  from  the  peripheral  veins  to  cause  a  decrease  in 
the  total  mass  within  the  plethysmograph. 

Effects  of  adTenin  on  venous  ouijUnc.     Earlier  in  the  paper  mention 
was  made  of  the  work  of  different  observers  who  found  that  adrenin 


Fig.  7.  Outflow  from  k  vein  of  &  muacle  augmented  by  adrenin,  pressor  iofu* 
aion.     Registered  by  dropa.     No  reduction. 

perfused  through  the  Umbs  decreased  the  rate  of  outflow.  This  wu 
noted  by  Biedl  (9)  in  the  dog,  the  animal  used  in  our  experiments. 
Experiments  on  isolated  limbs,  however,  tell  little  as  to  what  would  be 
the  effect  of  an  adrenin  discharge  in  an  intact  animal.  The  eOects  of 
adrenin  on  the  blood  flow  in  the  limb  under  normal  conditions  woukl 
depend  upon  the  resulting  arterial  and  venous  pressures  as  well  as  upon 
local  effects  in  the  tissues  involved.  Furthermore,  perfusion  ezp^- 
ments  made  on  the  Umb  as  a  whole  do  not  determine  to  what  extent  the 
changes  of  outflow  depend  upon  effects  in  the  akin,  muscle  or  bwie. 
As  to  the  effects  of  adrenin  on  the  bone  circulation  in  the  intact  animal 


r>' Google 


EFFECTS   OF  ADRENIN    IN    THE    LIUB 


525 


apparently  nothing  ie  known.  Recent  work  by  Drinker  and  Drinker 
(23)  has  shown  that  when  it  is  perfused  through  the  isolated  bone  the 
rate  is  decreased. 

Capps  and  Mathews  (24)  have  shown  that  adrenin  injections  of  the 
magnitude  used  in  our  experiments  have  Uttle  or  no  efFect  on  venous 
blood  pressure.    Measuring  the  rate  of  outflow,  from  an  open  vein, 
therefore,  under  various  conditions  of  adrenin  administration  should 
afford  a  reliable  index  of 
the  effects  of  such  adminis- 
tration on  the  blood  flow 
in  an  intact  animal. 

The  researches  were  ac- 
cordingly extended  in  the 
following  way:  A  femoral 
vein  was  exposed  in  the 
groin.  One  of  its  branches 
coming  from  an  underly- 
ing muscle  was  further 
isolated  and  in  it  an  oiled 
cannula  was  tied.  The 
outflow  was  recorded  by 
drops  on  a  kymc^raph 
drum  by  means  of  a  key 
and  signal  magnet.  At 
the    same    time    arterial 

piwsure  was  recorded  as  p^^  ^  ^^^  from  »  vein  of  .  mu«lo  at... 
m  the  earher  experiments  mented  during  the  depreasor  phue  of  reution 
of  the  series.  Adrenin  was  to  ftdrcDin.  Regiatered  by  dropa.  No  reduction, 
administered  through  the 

femoral  vein  of  the  opposite  leg  bcth  by  instantaneous  injections  and 
by  infusions  at  various  rates.  Then  a  cutaneous  branch  of  the  same 
femoral  vein  was  cannulated  and  the  experiments  repeated.  The  con- 
ditions therefore,  were  in  every  way  comparable  except  that  the  out- 
flow in  one  case  was  from  the  muscle  and  in  the  other  from  the  skin. 

Effeti  in  muaculaT  braTuJiet.  Figures  7  and  8  show  the  results  secured 
in  case  of  the  muscular  branches.  The  rate  of  outflow  was  increased, 
sometimes  slightly  and  sometimes  more  than  100  per  cent.  That  the 
effect  was  active  rather  than  passive  is  shown  by  both  figures.  In  fig- 
ure 7  the  outflow  continued  at  an  increased  rate  for  half  a  minute  after 
the  blood  pressure  had  retm-ned  to  normal.     In  the  case  shown  in 
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figure  8  an  augmented  outflow  and  a  lowered  arterial  pressure  occurred 
sunultaneously.  Indeed  the  reduced  arterial  pressure  in  such  cases  is 
probably  due  very  largely  to  exactly  this  augmented  outflow  from  the 
vessels  of  the  muscles.  Similar  results  were  obtained  throughout  the 
series  both  with  large  and  small  doses.  It  is  evident,  therefore,  that 
adrenin  exercises  a  selective  vasodilator  effect  in  skeletal  muscle. 

Effect  in  aUaneoua  branches.  The  effect  in  the  skin  is  exactly  the 
oppo^te  of  that  in  muscles.  Figure  9  shows  a  typical  result  when  Uie 
I  cannula  is  inserted  in  a  cutaneous  branch.  After  a  momentary  accel- 
;  eration  of  the  flow,  due  supposedly  to  the  propulsive  e£fect  of  contrac- 
>  tion  of  the  peripheral  vessels  the  out- 

;  flow  is  markedly  decreased.    Infusion 

'  experiments    crowed    that   the    re- 

tardation persisted  as  long  as  the 
administration  of  adrenin  was  con- 
tinued and  for  about  half  a  mioute 
thereafter.  Here  again  the  fact  that 
the  venous  outflow  was  retarded  ir- 
respective of  the  changes  of  arterial 
pressure  shows  that  the  effects  were 
not  passive.  In  no  case  was  adrenin 
observed  to  cause  an  augmented  out- 
flow from  the  cutaneous  vessels.  A 
source  of  error  that  not  infrequently 

_,.    „  „  ^„      ,            .              gave  results  that  might  be  intcr- 
Fig.  9.  Outflow  from  a  cutaneous     __.^_j j...    ^^    _.__. ._:-*: 
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dilated.  In  the  peripheral  circulation  are  included  not  only  the  skin 
but  also  other  leas  extensive  structures  that  respond  by  constriction 
while  observations  not  yet  reported  have  shown  that  the  gut  is  often 
dilated.  The  effect  of  adreoin  in  such  a  structure  as  a  limb  is  a  com- 
posite one,  the  limb  as  a  whole  either  contractiDg  or  expanding  depend- 
ing upon  whether  vasodilatation  in  the  muscle  or  vasoconstriction  in 
the  skia  predominates.  The  fact  that  the  muscular  tissues  form  the 
greatest  mass  in  the  trunk  and  limbs  would  seem  to  account  for  the 
fact  that  adrenin  passed  through  the  extra-epl&nchnic  circulation  causes 
a  fall  in  arterial  pressure. 

It  is  probable  that  the  selective  vasodilator  effect  of  adrenin  In  skele- 
tal muscle  accounts  to  a  conrnderable  degree  for  its  favorable  influence 
in  improving  contractile  activity  as  well  as  hastening  recovery  from 
fat^e. 

This  selective  vasodilator  effect  may  account  for  certain  other  phe- 
nomena otherwise  difficult  of  explanation  that  have  been  described. 
The  waves  of  augmented  activity  that  appear  in  olographic  curvM 
when  the  experiments  are  carried  to  unpleasant  lengths  may  possibly 
be  due  to  adrenal  discharges.  The  same  explanation  is  more  plausible 
in  case  of  a  phenemenon  observed  by  Hill  and  Nabarro  (25).  They 
measured  the  outflow  from  the  femoral  vein  of  a  dog  during  an  epileptic 
fit  and  found  it  several  times  greater  than  during  rest.  Periods  6f 
excitement  are  known  to  be  accompanied  by  augmented  adrenal  dis- 
charge and  this  is  probably  true  of  the  type  of  excitement  studied  by 
Hill  and  Nabarro. 

SUUICABT  AND   CONCLDStONS 

1.  Adrenin  injected  by  vein  in  the  intact  animal  generally  causes 
in  all  dosages  a  constriction  of  the  limbs.  Occasionally,  however,  ex- 
pansion occurs. 

2.  Removing  the  skin  converts  the  contraction  to  expansion. 

3.  Adrenin  in  both  pressor- and  depressor  dosages  causes  an  increase 
in  the  venous  outflow  from  muscles. 

4.  Adrenin,  therefore,  causes  active  vasodilatation  in  the  muscles. 

6.  Adrenin  causes  decreased  outflow  from  the  skin  hence  vasocon- 
striction in  the  cutaneous  vessels. 

6.  The  effects  of  infusions  and  of  instantaneous  injections  are  quali- 
tatively similar. 

7.  The  local  vasodilator  effects  of  adrenin  probably  account  for  at 
least  a  part  of  its  beneficial  effect  in  active  and  fatigued  muscle. 
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The  physiology  and  to  a  limited  extent  the  pharmacology  of  the 
frog's  esophagus  have  been  investigated  by  various  experimentalists 
chief  among  whom  may  be  mentioned  Botazzi  and  Gruenbaum  (1) 
and  Stiles  (2).  The  former  studied  sections  of  the  organ  suspended  in 
a  moist  chamber  and  found  the  longitudinal  strata  to  be  rhythmically 
active  and  to  respond  to  drugs  essentially  like  the  mammalian  intestine. 
Stiles  on  the  other  hand  studied  the  transverse  musculature  of  the 
opposite  extremities  of  the  esophagus  suspended  in  Rii^r's  fluid  and 
observed  that,  in  comparisoo  with  one  another,  the  pharyngeal  end 
had  a  more  active  rhythm  but  a  less  extensive  amplitude  than  the 
gastric. 

Relative  to  the  effect  of  pituitary  extract  on  the  ga8tro4ntestinal 
system  of  mammaJia,  an  extensive  hterature  has  accumulated  during 
the  past  decade  (4).  Among  other  phenomena,  our  attention  has 
been  seyeral  times  called  to  the  presence  of  a  depressor  substance  whose 
effect  is  to  markedly  decrease  the  tone  and  rhythmic  activity  of  the 
intestines  of  the  rabbit  and  the  dog.  The  chief  students  of  this  de- 
pressor action  are: 

1.  Bayer  and  Peter  (3)  who  showed  that  certain  preparations  of 
pituitary  body  (they  used  principally  the  "Pituitrin"  of  Parke,  Davis 
and  Company)  decreased  the  tone  and  the  contractions  of  the  rabbit's 
intestine. 

2.  Shamoff  (4)  who  showed  that  this  depression  of  the  excised  rabbit's 
intestine  was  produced  by  most  of  the  extracts  available  to  him,  but 
not  by  Armour's  pituitary  liquid.    He  did  not  use  "Pituitrin." 

(3)  Hoskins  (5)  who  has  called  attention  to  this  depressor  action  on 
the  dc^'s  intestine  in  situ  and  thinks  that  the  present  commercial  prep- 
arati(ms  vary  to  the  content  of  depressor  substance,  the  variation 
probably  reciting  from  differences  in  the  mode  of  production. 
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As  this  experimental  work  was  done  duriog  the  early  moaiha  «f 
summer,  it  may  be  of  importance  to  make  a  brief  statement  in  reprd 
to  the  care  and  coni^tion  of  the  frogs  from  which  the  tissue  was  taken. 
The  irogfi  were  kept  out  of  doors  in  a  large  tank  provided  with  an  earth 
covered  ptatlorm  placed  just  above  the  surface  of  the  water  and  shidded 
from  the  direct  rays  of  the  sun  by  a  canvass  covering.  They  «ere 
fed  on  earth  worms;  fresh  water  was  admitted  once  or  twice  per  day; 
about  once  per  week  a  little  salt  and  lime  were  added  to  the  water. 
The  whole  batch  remained  in  excelleat  condition  throughout  Ute 
entire  period  covered  by  the  experiments. 

I  used,  in  these  experiments,  sections  of  the  freshly  excised  eeo[Jiagi]B 
taken  from  pithed  frogs  and  suspended  in  oxygenated  Ringer's 
Fluid.  These  sections  were  aa  follows:  (1)  Longitudinal  from  the  irtuile 
length  of  the  organ;  (2)  rings  from  near  the  pharynx  and  from  near 
the  stomach;  and  (3)  longitudinal  s^ments  from  near  the  pharjoix 
and  from  near  the  stomach. 

The  method  of  suspending  and  registering  was  similar  to  that  used 
by  Stiles.  One  end  of  the  section  was  fastened  below  to  a  glass  rod 
bent  BO  as  to  dip  into  a  small  conical  "tissue-bath"  which  itaelf  was 
surrounded  by  a  water  jacket  equipped  with  a  constant  temperature 
regulator.  The  free  end  of  the  section  was  attached  by  means  c^  ft 
silk  thread  to  a  light  lever  which  was  adjusted  to  write  on  a  smoked 
surface.  All  preparations  of  tissue  were  heavily  weighted  to  prevent 
the  appearance  of  troublesome  tone  changes. 

The  preparations  of  pituitary  extract  employed  were  Armour's 
pituitary  liquid  and  Parke,  Davis  and  Conipany's  pituitrin.  These  weie 
used  in  strengths  of  from  1 :  125  to  1 :  300.  This  wotJd  be  in  terms  of 
the  fresh  gland  sulstance  from  1:9000  to  1:22,000  (6),  approximatdy, 
which  is  very  much  more  dilute  than  that  used  by  Bayer  and  Peter  oa 
the  rabbit's  intestine. 

1.  Longitudinal  sedions  of  the  whole  esophagus.  Application  of 
pituitary  extract  was  followed  by  a  decrease  in  tone,  rhythm,  and 
amplitude  of  contraction.  In  most  cases,  the  contractions  ceased 
entirely  for  from  one  to  three  minutes  and  then  resumed  with  a  more 
rapid  rhythm  but  less  extensive  amplitude.  The  tone  did  not  tend 
to  be  restored  during  the  continuance  of  the  drug  in  the  tissue-bath, 
thoi^h  the  amplitude  of  the  contractions  sometimes  approximated 
the  normal. 

Application  of  adrenaline,  which  affects  the  frog's  esophagus  as  it 
does  the  rabbit's   intestine,   deepened   the   depression  produced  by 
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pituitary  extract.    Pilocarpine  and  barium  chloride  both  counteracted 
the  depression. 

The  tissue  did  not  seem  to  suffer  any  permanent  injury  from  con- 
tact with  the  drug,  for  the  tone  and  contractions  became  normal  almost 
immediately  after  fresh  fluid  had  been  put  into  the  tissue-bath.  Repeti- 
tion, now,  of  the  appUcatioa  of  the  extract  was  followed  by  the  same 
series  of  events  as  followed  the  initial  use  of  the  drug. 

2.  Portions  of  the  opposite  ende  of  the  emphoffus.  Having  observed 
the  above  recorded  effects  on  longitudinal  sections  of  the  whole  esoph- 
^us,  it  seemed  important  in  view  of  the  difference  in  rhythmicity 
at  the  opposite  extremities  of  the  organ  (Stiles)  to  determine  whether 
pituitary  extract  would  show  differences  as  regards  its  effect  at  the 
two  ends  of  the  organ.  Accordingly,  sections  from  the  opposite  extremi- 
ties were  compared  with  one  another,  (a)  circular  gastric  and  pharyn- 
geal and  (b)  lon^tudinal  gastric  and  pharyngeal.  In  maldng  the 
comparisons,  the  sections  were  suspended  in  separate  baths  but  pref- 
erably in  the  same  ba^  where  conditions  would  be  identical. 

(a)  The  circular  muscle  of  both  the  gastric  and  pharyngeal  ends  was 
depressed.  The  depreBsion  of  the  pharyngeal  end  was  tardily  pro- 
duced as  compared  with  that  of  the  gastric,  the  latter  responding 
almost  instantaneously  with  decrease  in  tone,  rhythm,  and  extent  of 
contraction,  the  former  chiefly  with  decrease  in  tone. 

(b)  The  longitudinal  muscle  of  both  the  gastric  and  pharyi^^ 
ends  was  depressed.  The  depression  at  the  gastric  tatd  was  very 
marked,  while  tiiat  at  the  pharyngeal  was  only  slight. 

3.  Injlitence  of  temperature.  Portions  of  the  organ  were  also  tried 
at  different  temperatures  between  22°C.  and  SS'C.  While  as  has 
been  shown  by  previous  investigators  the  tissue  is  more  active  at  cer- 
tain temperatures  than  at  others,  the  reaction  to  pituitary  extract 
was  not  altered,  the  tissue  responding  to  the  drug  proportionately  as 
actively  at  low  as  at  high. 

4.  Infiitence  of  oxygen.  It  has  been  stated  by  certiun  authors  that 
the  depressor  action  may  be  augmented  in  the  presence  of  oi^gen 
due  to  the  ease  with  which  the  pressor  substance  oxidises.  In  view 
of  this,  experiments  were  performed  in  which  the  supply  of  ox^^en 
was  cut  off  completely.  Of  course,  under  these  circumstances,  the 
tissue  tended  to  lose  tone  and  to  be  less  active  than  when  oxygen  was 
supplied,  but  on  the  whole  the  reaction  to  pituitary  extract  was  un- 
changed and  restorii^  the  supply  of  oxygsn  produced  no  effect  other 
than  could  be  attributed  to  the  oxygenation  (see  fig.  1). 
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Fig.  2.  Simult&iieoua  records  of  the  circular  muscle  of  the  oppooitc  ends  of 
the  eaophaguB,  showing  the  tardinesa  of  reaction  of  the  pharyngeal  end  as  com- 
pared with  that  of  the  gastric  end.    Time,  one  minute. 


Fig.  3.  Simultaneous  records  of  the  longitudinal  muscle  of  the  opposite  ends 
of  the  esophagus,  showing  the  slight  effect  of  pituitary  extract  on  the  pharyngeal 
end.    Time,  one  minute. 
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5.  f\irther,  endeavor  was  made  to  determine  whether  the  depreasot 
Bubetance  was  used  up  in  the  process  of  depresmng  the  tissue.  In 
making  this  determination,  two  preparations  (a  and  b)  were  suspended 
in  separate  baths.  To  one  of  these  (a)  pituitary  extract  (1 :  300}  was 
applied  and  after  the  resulting  depression  had  lasted  for  five  minutes, 
the  fiuid  vfis  drawn  off  and  appUed  to  the  other  section  (b).  De- 
pression followed  in  (b)  as  promptly  as  in  (a)  and  the  quantitative 
effect  was  the  same. 


1.  Pituitary  extract  depressed  both  the  circular  and  the  longitudinal 
musculature  of  the  frc^s  esophi^^. 

2.  In  this  depression,  the  tons,  the  rhythm,  and  the  amplitude  of 
the  contractions  are  all  affected  simultaDeously. 

3.  The  depression  is  shown  more  markedly  at  the  gastric  aid  than 
at  the  pharyngeal. 

4.  Variations  in  the  supply  of  oxygen,  or  even  its  total  suppressioQ, 
and  variations  in  temperature  do  not  modify  the  depression. 

5.  The  depressor  substance  does  not  seem  to  be  destroyed  in  the 
process  of  depressing  the  tissue. 

6.  Armour's  pituitary  liquid  and  Parke,  Davis  and  Company's  pitai- 
trio  react  essentially  alike  on  the  frog's  esophagus. 
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1.   OBJECT  OF  THE   INVESTIQATION   AND   SOURCES  OF   DATA 

While  we  now  poesess  a  fairly  accurate  aod  exteDsive  knowle<^ 
of  the  normal  curve  of  growth  of  certain  animalB,  particularly  the 
~  white  rat  and  the  white  mouse,  it  is  a  r^retable  fact  that  we  are  not 
yet  in  poesession  of  equally  reliable  and  extensive  data  concerning  the 
growth  of  human  beings.  While  we  know  that  growth  in  human  be- 
ings as  in  mice  takes  place  in  three  "cycles"  or  periods  of  alternately 
rapid  and  slow  growth  (I),  we  do  not  yet  possess,  for  any  one  race  of 
mankind,  a  detailed  knowledge  of  the  extent  and  characteristics  of 
each  of  these'  cycles.  We  possess  in  several  instances  very  extensive 
knowledge  of  portions  of  the  total  curve,  and  if  it  were  permissibfe 
to  add  together  data  obtained  from  different  countries  we  would  pos- 
sess a  sufficiency  of  infonnation  to  enable  us  to  construct  in  detail  the 
entire  growth-curve  of  man.  But  the  most  superficial  comparison 
of  data  from  different  countries,  as  for  example  those  of  the  British 
Anthropometric  Committee  (2)  with  those  obtained  by  Quetelet  in 
Belgium  (3)  at  once  reveals  the  fact  that  the  growth-curves  of  different 
races  of  man  or  even  of  similar  races  inhabiting  different  localities 
(4)  are  by  no  means  identical  and  that  parts  of  the  growth-curve  con- 
structed from  measurements  made  in  France  for  example  cannot  there- 
fore be  ligitimately  regarded  as  continuations  of  other  parts  of  the 
human  growth-curve  constructed  from  measurements  made  in  En^and. 
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Thai  m&rked  dlscrepandea  exist  between  the  actual  normal  wei^ts 
of  British  infants  and  the  Newman  Standard  weights  baa  been  pointed 
out  by  Pooler  (12). 

It  appeared,  therefore,  in  order  to  construct  this  portion  of  the 
growth-curve  of  the  inhabitants  of  Great  Britfun,  necessary  to  obtain 
fresh  estimates  of  the  average  weights  of  children  at  monthly  intervals 
during  the  first  two  years  succeeding  birth.  I  accordingly,  in  the  spring 
of  1914,  addressed  myself  to  the  medical  advisors  and  other  officials 
of  the  various  child-welfare  institutions  in  London,  Leeds  and  Bristol 
and  in  several  instances  obtained  permission,  which  was  very  greatly 
appreciated,  to  obtain  access  to  and  to  copy  the  valuable  data  col- 
lected by  these  institutions  during  the  execution  of  their  activities. 
For  assistance  in  obtaining  these  data  I  am  especiaDy  indebted  to  the 
following  persons  to  whom  I  wish  to  take  this  opportunity  of  express- 
ing my  obligations : 

Drs.  Eric  Pritchard,  David  Forsyth  and  R.  C.  Jewsbury  in  London, 
Drs.  John  Robertson  and  H.  W.  Pooler  in  Birmingham,  Dr.  Leslie 
Mackeiie  in  Eklinbuigh,  Dr.  James  Smart  in  Aberdeen,  Mrs.  OgUvie, 
honorary  secretary  of  the  Chelsea  Health  Society;  Miss  Margaret 
Horn,  honorary  organizer  of  the  city  of  Westminster  Health  Society. 
Mrs.  Kitson  Clark,  president  of  the  Leeds  Babies  Welcome,  Miss  E. 
Moiley,  honorary  secretary,  Leeds  Babies  Welcome;  Miss  M.  Curtis, 
superintendent  Leeds  Babies  Welcome  and  F.  M.  Townaend,  chairman 
of  the  Bristol  Infant  Welfare  Association. 

The  data  reported  in  this  article  were  obtained  from  the  records 
of  the  Pimlico  Road  and  Golden  Square  branches  of  the  Westminster 
Health  Society  and  the  Chelsea  Health  Society  in  London  and  from 
the  Leeds  Babies  Welcome.  The  data  obtained  from  other  cities  proved 
to  be  too  fragmentary  to  utilize  in  statistical  studies  of  this  type. 

In  tlie  case  of  the  London  institutions  mentioned  I  was  given  the 
opportunity  of  personally  inspecting  the  methods  employed  in  weigh- 
ing and  examining  the  children  and  in  keeping  the  records.  In  certain 
institutions  which  I  visited  no  records  of  sex  were  kept  and  their  data 
could  not,  therefore,  be  utilized.  Other  institutions  only  weighed 
the  infants  very  approximately,  and  these  data  likewise  were  rejected. 
In  the  institutions  mentioned,  however,  the  sex  of  the  infant  is  indi- 
cated upon  Uie  record  and  the  weights  are  recorded  to  the  nearest 
ounce  avoirdupois.  The  infants  were  voluntarily  brought  by  their 
mothers  to  the  offices  where  a  medical  advisor  and  nurses  or  other 
trained  officials  were  in  attendance,  the  weight  and  condition  of  the 
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child  being  noted  at  each  visit  tipOD  its  record.  TTte  wei^ts  thus 
rectwded  wnv  tabuJated  and  avenged  in  the  imuiner  employed  in  the 
investigatioos  previously  reported  (13).  The  weights  of  all  infants 
reported  jm  saffering  tnan  measles,  whooping  cou^,  chicken-poi, 
:>cariet  fever,  liiphtberia,  poeumonia,  bronchitis  (unless  apedGcaD; 
noted  38  "'sUghi'V  rachitis  lunles  specifically  noted  as  "sli^t")  and 
tuafasnius  were  >^scluded  opon  and  succeeding  the  date  upon  whidi 
the  i-uodition  was  Srst  noted.  Data  coDoemiog  twins  and  malfonDed 
L-hili-lreu  wvre  likewise  excluded  and  only  children  stated  to  be  of  Brit- 
uih  t>ttfeutagr  an  both  ades  and  wholly  or  partiaUy  breast-^ed  (U) 
were  :uxvpi:«d  :)»  :?ourres  of  data.  I  was  unable  to  personally  visit 
the  Lt.<ed:^  Babtw  Wekime.  but  the  growth  charts  of  a  large  number 
i>i  iiiiaui»  WMV  :<«Bt  to  me  thiou^  the  courtesy  of  the  officials.  Hw 
ilttia  ;k»  to  iliMNwe  included  in  these  charts  were  not  so  full  as  in  the 
lAuidoii  KtH-unls  w  which  I  had  access  and  therefore  although  the 
v'htu(»  tui'tit>hnl  to  me  w«re  specified  as  records  of  "normal  children" 
a  IS  |>oc«^bk-  thttc  the  :wlectioo  was  somewhat  less  rigorous  in  the  case 
i>i  tilt-  l.f«\U  iiiiauts  than  in  the  ease  of  the  London  infants.  Ttiii 
iiui>  111  i-tut  M-vount  tor  the  sli^t  discrepancy  between  the  averages 
iiMiu  tilt-  txro  :s4Hirvw  during  the  first  year  of  poat^iatal  growth  and 
k>i  (lu-  %t-r>  tuarked  iti\'ei'|:race  of  the  two  groups  of  children  during 
iln'  ^-v^ukI  >ttir,  to  whit-h  attention  will  subsequently  be  drawn. 

rtiv  liiiiii  rvportetl  are  exclusively  ante-bellum,  and  were  for  the 
>ii.-.^l  (KUt  iU'nvt<tl  t'rutu  ivt-ortk  taken  in  the  yeais  1911-1914.  llie 
.lv'!.t,N  III  i>iit>Iu-Htiou  oi  the  results  arose  from  pressure  of  other  work 
tii,i  iwiH  [ht-  l^^e  ituiiiber  of  arithmetical  computations  involved. 


niiiK  i.il>it-s  I  and  i  were  the  results  obtained  for  infants 
'11-^1  >t-<ir  ^^i  post-natal  growth.  The  averages  headed 
M\'  <<i>[»itit.-d  by  i-ombiuing  the  data  from  London  and 

\.t;i.L:>i:i(it-K  »i  eat-h  age  being  calculated  in  the  maono' 

'U>\ivi    (i  xiattEi4ti.-al  inveetigations  (15). 

,v,  ,>i  'til'  Nt-wiuan  Standard  are  derived  from  the  chart 
HKi    11  \t'Aiiiiur$  Infant  MortaUty.    On  comparing  the 

.;,!  'iw  -inult^y  of  these  weighings  it  will  be  obvious  that, 
i^'u^i    'v    l\ioter.  the  Newman  Standard  is  considerably 
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ability  is  therefore  greatest  when  the  velocity  of  growth  is  greatest, 
a  fact  in  harmony  with  data  obtained  in  studying  the  growth  of  the 
white  mouse  (18). 

It  appears  probable  that  high  variability  of  we^t,  dimensions  or 
other  characteristics  constitutes  on  the  whole  a  condition  unfavorable 
to  the  average  welfare  of  any  given  group  of  organisms,  since  a  hi^ 
degree  of  variability  implies  more  frequent  possibility  of  overstepping 
physiological  limits.  It  appears  not  unlikely  therefore  that  the  higher 
variability  of  male  infants  at  birth  (19)  and  subsequently  to  birth 
is  correlated  with  the  h^er  mortality  among  male  infants  at  these 
ages  (20). 

3.    THE   FORHDIATtON   OF  THE  CUBVB  OF  OBOWTH  FOB  BBITI8H  INFANTS 
DUBINO   THE   FIBST  TWELVE  MONTHS  SUCCSEDINQ   BIBTB 

1  have  shownin  previous  communications  (21)  that  the  relationship 
between  weight  and  age  for  any  single  growth-cycle  is  the  same  as 
that  which  subsists  between  the  extent  of  transformation  and  the 
time  in  an  autocatalysed  chemical  reaction,  that  is  to  say,  a  reaction 
one  of  the  products  of  which  accelerates  it.  The  formula  expressing 
this  relationship  is: 


where  4  is  a  constant  ( =  the  maximum  weight  attained  by  the  partic- 
ular growth-cycle  under  consideration),  (i  is  a  constant  (=  time  at 
which  the  growth-cycle  is  half-completed)  K  is  a.  constant  (=  ib^ 
where  k  is  the  specific  velocity-constant  and  A  has  the  value  assigned 
above)  and  x  and  t  are  the  weight  and  time  respectively. 

Applying  this  formula  to  the  above  data,  utilizing  for  this  purpose 
the  methods  and  tables  described  in  my  "Tables  for  the  Computation 
of  Curves  of  Autocatalysis,  with  Especial  Reference  to  Curves  of 
Growth"  (22)  we  find  that  for  British  males,  dining  the  first  nine  months 
of  extra-uterine  growth*  the  equation  becomes; 

inserting  the  observed  values  of  t  and  computing  therefrom  the  cor- 

>  In  computing  the  coDstuitB  of  the  curve  the  data  for  the  tenth,  eleveatb 
and  twelfth  months  are  not  employed,  since  there  ie  a  possibility  that  in  this 
region  the  curve  of  the  6r8t  cycle  may  be  distorted  by  growth  due  to  the  begin- 
nings  of  the  second  cycle. 
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responding  values  of  0.127  (f— 1.46)  we  can  find,  by  referring  to  the 
above  cited  tables,  the  corresponding  values  of  rrr  and,  conse- 
quently, compute  the  "calculated"  or  theoretical  values  of  z.  The 
observed  and  calculated  values  are  compared  in  table  3  and  illustrated 
in  figure  1,  the  smooth  curve  representing  the  calculated  curve  and  the 
dots  the  we^ts  actually  observed.  In  this  comparison  the  weights 
at  ten,  eleven  and  twelve  months  are  included  although  the  theoretical 
curve  is  not  computed  to  fit  these  values.  In  the  fifth  and  sixth  col> 
umns  of  t^e  table  the  divergencies  between  the  actual  and  the  theoreti- 
cal we^ts  are  compared  with  the  "probable  errors"  of  the  observed 
average  weights  computed  in  the  usual  manner  from  the  variabiUties 
and  the  numbers  of  infants  weighed  at  each  age. 

TABLES 

lUaUa 


WEIOHT  in  OUNCE* 

■.[TtROKNo  no. 

,„.^.»<. 

ObHTVed 
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•'■"" 

1 

147,0 
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233.7 
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+10 
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6 

251.8 

251.5 

-03 

*2,5 

7 

268.6 

205,5 

-3.1 

*2.8 

8 

276.2 

277,0 

+0.8 

*2.5 
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TABLE  4 

Ptmoiet 


wuan  n  oOHcn 

noauLaiuoa 

Ob-»™l 

CUOBkbtd 

"■■*■" 

1 

143.1 

145.7 

+2.6 

2 

159.5 

1M.7 

+5.2 

3 

180.0 

183.5 

+3.5 

4 

202.1 

201.8 

-0.5 

5 

217.6 

218.1 

-0.5 

6 

235-4 

233-4 

-2.0 

7 

252.6 

246.8 

-5.8 

8 

258.4 

258.6 

+0.2 

g 

26S.4 

268.6 

+3.2 

10 

273.3 

274.7 

+3.4 

11 

288.0 

283.9 

-4.1 

13 

287.5 

288.5 

+2.0 

*3.1 

oVAfces 


AurnaAFiavKnr 


FIGVKSl. 


ijGoogle 


ROBERTSON 


In  the  following  table  (5)  the  values  of  the  parameters  A,  Jbl  =  -jj 

and  ti  for  British  infants  and  for  Australian  infants  of  British  descent 
(23)  are  compared : 


-^ 

,<«^ 

A 

kxio- 

t. 

A 

kiIO> 

t, 

318 
341.5 

399 
398 

1.46 
1.66 

312 
350 

340 

317 

It  will  be  observed  that  while  so  fundamental  a  difference  as  that 
of  sex  has  little  efifect  upon  the  absolute  magnitude  ( =  A)  of  the  first 
growth-cycle,  environment  has  a  pronounced  effect,  since  one  or  two 
generations  of  the  Australian  (presumably  more  favorable)  environ- 
ment has  resulted  in  an  increase  of  from  7  to  12  per  cent  in  the  am^di- 
tude  of  the  cycle.  The  specific  velocity  of  the  growth-process,  however, 
(~  ft)  is  comparatively  unaffected  by  environment,  the  identity  of 
the  two  values  for  males  being  particularly  striking,  while  it  is  decidedly 
less  for  females  than  for  males.  Corresponding  with  these  corrda- 
tions  we  find  that  the  period  of  half-completion  of  the  cycle  (and  maxi- 
mum velocity  of  growth)  is  later  in  females  than  in  males  and  in  Aus- 
tralian than  in  British  infants. 

The  form  of  the  curve  of  growth  in  infants  is  therefore  determined 
by  two  separate  factors;  the  one,  analogous  to  the  absolute  mass  ot 
reacting  substances  in  a  chemical  reaction,  is  dependent  upon  eovinm- 
ment  and  probably  upon  the  abundance  or  deficiency  of  the  habitual 
dietary;  while  the  other,  analogous  to  the  specific  velocity  of  a  chemical 
reaction,  is  relatively  if  not  absolutely  independent  of  environmental 
or  nutritional  conditions  and,  being  expressive  of  the  nature  of  the 
growth-process  itself  as  distinguished  from  the  availabihty  of  materials 
for  growth,  is  distinctively  modified  by  sex  and  probably  also  by  race. 

4.   StTMMABT 

1.  From  data  supplied  by  infant  welfare  associations  in  London  and 
Leeds  the  curve  of  growth  of  British  infants  during  the  fiiBt  twdve 
months  succeeding  birth  has  been  constructed. 

2.  The  Newman  Standard,  hitherto  largely  employed  aa  a  standard 
curve  of  growth  of  British  infants,  is  defective  in  two  partieulats.    In 
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the  first  place  it  makes  no  distinction  between  the  sexes,  although  the 
growth-curves  of  the  two  sexes  differ  in  very  material  particulars, 
and  in  the  second  place,  especially  during  the  early  months,  the  weights 
indicated  by  the  Newman  Standard  are  considerably  sub-normal. 

3.  The  variability  of  male  infants  is  somewhat  greater  than  that 
of  female  infants.  The  variability  of  both  sexes  is  greatest  during 
the  early  months,  or  period  of  most  rapid  growth,  and  decreases 
towards  the  later  part  of  the  first  year,  when  the  rate  of  growth  is 
also  decreasing. 

4.  The  curve  of  autocatalysis  correctly  represents  the  growth  of 
British  infants  during  the  first  nine  or  ten  months  succeeding  birth. 

5.  Comparing  the  characteristics  of  the  growth-curves  of  British 
infants  with  those  of  the  growth-curves  of  South  Australian  infants 
of  British  descent,  we  find: 

i.  The  absolute  magnitude  or  amplitude  of  the  first  growth-eyde 
in  man  is  unaffected  by  sex,  but  is  decidedly  affected  by  environment, 
being  increased  in  the  Australian  environment  by  from  7  to  12  per  cent. 

ii.  The  specific  velocity  of  the  growth-process  b,  on  the  contrary, 
very  little  affected  by  environment  and  markedly  influenced  by  sex, 
being,  in  both  environments,  decidedly  lower  in  the  females  than  in 
the  males. 

iii.  The  period  of  half-completion  of  the  cycle  is  later  in  females 
than  in  males  and  in  Australia  than  in  England. 

BIBLIOGRAPHY 

(1)  Robebtson:  Tbia  Journal,  1915,  xxxvii,  1;  JourD.  Biol.  Chem.,  1916,  xidv, 

362. 

(2)  British  Assoc.  Reports,  1879,  175;  1882,  278;  18S3,  253. 

(3)  Quetelet:  Anthropometric,   346;   cited  after   British  Assoc.    Anthropo* 

metric  Committee  Report,  1879,  loc.  cit. 

(4)  Robertson:  Loc.  cit.,  Univ.  of  Calif.  Pub.  Physiol.,  1915,  iv,  207. 

(5)  British  Abboc,  Reports,  187B,  175;  1882,  278;  1883,  253. 

(6)  Report    of   Royal    Commission  on  Physical  Training  (Scotland),   Edin- 

burgh, 1903. 

(7)  Report  of  Dr.  W.  L.  Msckeoiie  and  Capt.  A.  Foster  on  a  collection  of  statis- 

tics aa  to  the  physical  condition  of  children  attending  the  public 
schools  of  the  school  board  for  Glasgow,  Scotch  Education  Depart- 
ment, 1907. 

(8)  Report  of  the  Medical  Officer  of  Health  of  the  City  of  Glasgow,  10O7. 

(9)  Annual  Report  of  the  Chief  Medical  Officer  of  the  Board  of  Education,  1912. 

(10)  Newhan:  Infant  Mortality,  London,  1900. 

(11)  Robxbibon:  This  Journal,  1915,  zxxvii,  1. 


ijGoogle 


546  T.    BElAII^rORU    ROBERTSON 

<12)  Pooler:  Sixth  Ann.  Report,  Binningham  Infante  Reftlth  Sac.,  1013. 

(13)  Robebtson:  This  Journal,  1915,  xxxvii,  1. 

(14)  Robertson;  Loc.  cit.,  19. 

(15)  Pearson:  Phil.  Trans.  Royal  8oc.,  London,  1806,  187A,  253;  Davenport: 

Statistical  Methods,  2nd  Edn.,  New  York,  1904,  16;  Robertwn:  Thit 
Journal.  1915,  xxxvii,  13. 

(16)  MacGbeqor  :  Proc.  Royal  Phil.  Soc.  of  GlaBgow,  IQW. 

(17)  Robebtson:  This  Journal,  1915,  xxxvii,  37. 

(18)  Robertson:  Journ.  Biol.  Chem.,  1916,  xxir,  363. 

(19)  Robertsok;  This  Journal,  1915,  xxxvii,  17. 

(20)  Newuan:  Infaat  Mortality. 

(21)  Robertson:  Arch.  F.  Entwg.,  1908,  xxv,  581;  1908,  xxvi,  108;  This  Journal, 

1915,  xxxvii,  17. 

(22)  Univ.  of  Calif.  Pub.  Physiol.,  1915.  iv.  No.  21. 

(23)  Robertson:  This  Journal,  1915,  xxxvii,  1. 


r>' Google 


STUDIES  ON  THE  GROWTH  OF  MAN 

IV.  The  Varubilitt  of  the  Weight  and  Stature  of  School 

Children  and  its  Relationship  to  their 

Physical  Welfare 

t.  brailsford  robertson' 

From  the  Department  of  Biochtmietry  and  Pharjnacology,  Rudolph  Spreckelt  Phytio- 
loffical  LaboTalory,  University  of  California 

Received  for  publication,  August  30,  1916 

In  any  fortuitously  selected  group  of  animab  or  human  beingSi  the 
individuals  comprising  the  group  will  be  found  to  vary  in  greater  or 
lesser  degree  from  the  type  or  average  which  the  group  collectively 
represents.  When  a  lai^  proportion  of  the  individuals  comprising 
the  group  differ  from  the  average  to  a  considerable  degree  we  say  that 
the  group  or  type  is  highly  variable,  while  when  the  converse  holds 
good,  that  is  when  but  few  of  the  individuals  comprising  the  group 
depart  widely  from  the  average,  then  we  consider  the  group  or  type 
to  be  but  slightly  variable.  It  is  evident  that  if  a  measure  of  variability 
can  be  conveniently  obtained  it  represents  a  factor  or  group  of  factors 
which  may  conceivably  be  affected  by  environmental  or  physiological 
conditions  in  a  distinctive  manner.  In  comparative  studies  of  growth 
under  varying  environmental  or  dietetic  conditions  a  knowledge  of 
the  variability  of  the  organisms  studied  is  essential  in  order  to  be  able 
to  determine  the  deviations  from  the  average  which  may  be  regarded 
as  normal,  and  those  which  on  the  contrarj'  must  be  regarded  as  ab- 
normal and  attributable  to  the  experimental  conditions  under  which 
we  have  placed  the  individuals  which  display  them. 

The  measure  of  variability  which  is  commonly  employed  by  stat- 
isticians is  that  deviation  from  the  average  which  one-third  of  the 
individuals  display  (1).  This  may  conveniently  be  expressed  as  a 
percentage  deviation  from  the  average  weight  or  stature  or  other  meas* 
urement  under  consideration. 

■  I  am  indebted  to  Mr.  R.  M.  Jewett  for  aaaistance  in  the  computation  and 
compilation  of  the  data. 
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InTestigations  upon  the  growth  of  the  white  mouse  (2)  have  shown 
that  the  Tariability  in  weight  increases  when  the  velocity  of  growth 
increases,  decreases  when  the  velocity  of  growth  decreases,  attains  a 
majrimum  when  the  rate  of  growth  attains  a  maximum,  and  attains 
a  minimum,  when  the  rate  of  growth  sinks  to  a  IIl^T^iITH|IIl^  i.e.,  when 
the  animal  is  fully  grown.  It  has  also  been  shown  (3)  that  similat 
l^raiomena  accompany  the  first  year  of  po^t^iatal  growth  in  infanta 
the  variabihty  of  wei^t  being  relatively  high  during  the  early  montha 
when  growth  is  relatively  rapid,  and  rehttively  low  during  the  later 
months  when  grow^  is  relatively  slow.  Variability  in  weight  is  there- 
fore affected  in  a  distinctive  manner  by  internal  factors,  namdy  the 
processes  und«lying  and  controlling  the  rate  of  growth,  "nutt  variabil- 
ity  may  likewise  be  affected  by  dietetic  factors  is  shown  by  the  remark- 
able increase  in  the  variability-  at  mice  when  fed  with  unusual  amounts 
of  cholesterol  (4) ;  while,  as  I  am  about  to  show,  the  various  factors 
comprised  in  the  external  enviruunent  may  also  exert  an  effect  uptn 
the  variability  of  weight  and  stature  in  man. 

As  stated  in  the  preceding  article,  it  would  appear  probable  that  a 
hi^  d^ree  tA  variability  )s  a  ccmdition  which  is  disadvantageous  te 
Uie  coQective  welfare  of  the  individuals  which  display  it,  since  a  hi^ 
ftequency  of  marked  departures  from  tbe  mean  implies  a  more  frequent 
ovfostepping  of  {diysiological  limitations.  Convosely,  other  condi- 
tions bang  equal,  a  disadvantageous  enviratimeut  might  be  expected 
to  cause  an  increase  in  variability-  throu^  enhancing  preexisting  dif- 
ferences or  at  any  late  preexisting  subnormality.  It  is,  however,  to 
be  borne  in  mind  that  disadvantageous  environmmtal  conditioos 
may  cause  a  retardation  of  the  growth  (tf  young  animaia  which  in  its 
turn  might  be  expected  to  lead  to  a  deeraue  in  variability.  Whoe 
the  disadvantageous  conditicHis  <^i«ate  at  a  period  of  rapid  growth. 
Of  of  growth  of  which  the  rate  is  fluctuating,  the  retardation  of  growth 
due  to  unfavorable  environmental  conditi(Mis  mi^t  be  expected  to 
lead  to  a  diminuticni  or  sulHKmnalit}-  of  variability,  while  the  same 
conditions,  pressing  upon  an  aduh  animal,  or  an  animal  growing  at 
a  r^ti\'eh'  slow  or  steady  rate,  might  be  expected  to  lead  to  an  enhanoe- 
moit  or  supemormaUty  of  variabiUtii'. 

From  yet  another  punt  of  view  the  investigation  of  variability  is 
of  importance.  The  growth  or  the  phi>-sical  well-bong  of  an  individual 
may  be  estinmted  in  a  variety  of  ways  and  by  means  of  a  variety  of 
measurements  of  which  wei^t  and  stature  are  tbooe  most  frequoitly 
emplo>'ei1.     If  we  desire  to  ot>tain  a  reliable  criterion  of  abnormahty 
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we  shall  do  well  to  select  for  our  purpose  the  measurement  which  is 
normally  found  to  be  least  variable,  since  relatively  small  deviations 
from  the  normal  are  that  case  fraught  with  aignificanoe  which  does 
not  attach  to  similar  deviations  from  the  normal  displayed  by  a  more 
variable  characteristic.  On  the  other  hand  if  we  desire  to  study  in 
detail  the  eEFects  of  fluctuations  in  the  diet,  environment  or  physio- 
logical condition  upon  the  dimensions  of  an  individual,  then  we  shall 
do  well  to  investigate  the  more  variable  characteristics,  since,  from 
their  high  normal  variability  we  may  infer  that  they  are  exceptionally 
affected  by  environmental  or  other  fluctuations.  A  previous  knowl- 
edge of  the  relative  normal  variabilities  of  different  physical  dimensions 
in  man  or  animals  is  therefore  of  service  in  enabling  us  to  determine 
beforehand  which  type  of  measurement  will  be  most  likely  to  display 
the  effects  or  correlations  for  which  we  are  seeking. 

The  present  investigation  was  undertaken  with  a  view  to  ascertain- 
ing (a)  the  relative  variability  of  weight  and  stature  in  school  children 
and  (b)  the  influence  of  environment  upon  the  vanabiUties  of  these 
dimensions. 

Through  the  courtesy  of  the  director  of  health  of  the  Oakland  School 
Department,  Dr.  N.  K.  Foster,  to  whom  I  desire  to  express  my  very 
deep  indebtedness,  I  have  been  permitted  access  to  his  very  valuable 
and  extensive  records  of  the  physical  dimensions  and  welfare  of  the 
school  children  in  the  various  schools  in  the  city  and  environs  of  Oak- 
land, California. 

The  records  of  fifty  children  of  each  sex  and  age,  from  6  to  14  years 
inclusive  (i.e.,  seventh  to  fifteenth  year)  were  selected  at  random, 
excluding  only  seriously  deformed  individuals,  from  among  the  records 
of  three  "average"  schools,  that  is,  schools  situated  in  locaUties  in- 
habited by  persons  of  average  means  and  welfare.  The  heights  and 
weights  of  these  children  were  averaged  and  the  variabilities  of  these 
dimensions  determined  in  the  usual  maimer  (1). 

The  results  are  indicated  in  tables  1  and  2  and  displayed  graphically 
in  figures  1  and  2. 

From  these  results  it  is  evident  that  the  rate  of  growth  in  weight  in 
both  sexes  increases  continuously  from  the  seventh  to  the  fifteentii 
year  and  that  the  variability  in  we^t  undei^oes  a  parallel  increase 
during  this  period.  There  is  a  manifest  tendency  for  maxima  of  varia- 
bility in  weight  to  coincide  with  maxima  of  yearly  increment.  The 
stature,  on  the  other  hand,  increases  during  this  period  at  an  almost 
uniform  rate  and  the  variability  of  stature  is  correspondingly  uniform. 
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44.4 
40.4 
33.6 
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06.1 
75.2 
80.7 
97.3 
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The  vuiabilit?  in  stature  is  much  less  than  the  variability  in  weight, 
from  which  we  may  infer  that  as  a  criterion  of  abnoimaUty  the  meantn 
of  stature  is  more  reliable  than  that  of  weight,  while  as  a  aenBitin 
indicator  of  the  effects  of  eoTironmental  or  dietetic  fluctuaticms  ths 
measure  of  weight  is  to  be  prrferred  to  that  of  stature.' 

Id  order  to  directly  estimate  the  influence  of  environment  upoo 
variiUnlity  of  wdgbt  and  stature  we  also  selected  at  randcHn  the  records 


Reaidentul  district , 
Aversge  district — 
FkctoiT  district — 


RMadentikl  district. 
Avenge  district. . . . 
Fectory  district  ... 


4.5 


of  fifty  children  of  each  sex  and  of  8  years  of  age  from  am<Hig  the  recoid§ 
of  cfaildroi  attending  a  school  which  was  situated  in  a  relatively  pout 
industrial  district,  inhabited  mainly  by  factory  operatives,  etc.,  while 
another  group  of  records  ot  fifty  children  at  each  sex  and  of  8  yean 
fA  age  was  similarly  selected  fnon  anHmg  the  records  of  children  at- 
twrding  a  school  situated  in  a  relatively  wealthy  residraitial  section 
ot  the  city.     The  results  are  summarised  in  tables  3  and  4,  while  by 

'  As  taaj  be  rewlily  conpubMl  from  the  dele  teboleted  ebove,  tbe  'Vrteoderd 
devution"  or  mbtotttU  aa  disliiicaiabed  from  ptremi»t»  verietHlity  sf  stetiiR 
^o««  tcadeary  to  ettein  e  meximnm  et  14  ;««n  in  tbe  boye  end  at  II  toiajpcan 
ia  ^ri*.  Tlua  coincidM  with  iceults  ptcviMnly  obteined  hj  F.  Boss,  Report 
of  the  Commiaeiooer  of  Edurstion.  Ceaede.  2  (ISOt-VT),  p.  IHl. 
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way  of  indication  of  the  degree  of  medical  care  received  by  the  children 
of  the  three  claasee  the  percentage  of  cases  of  infected  or  operated 
adenoids  is  included  in  the  tables.* 

From  these  results  it  is  evident  that  increasing  unfavorability  of 
enviromQent  results  in  a  parallel  increase  of  deficiency  in  weight  and 
stature.  It  is  a  strikingly  significant  fact,  also,  tiut  as  the  favorability 
of  the  environment  decreases  the  proportion  of  medical  care  extended 
to  the  children,  as  indicated  by  the  percentage  of  removed  adenoids, 
also  decreases,  while  the  degree  of  medical  neglect,  as  indicated  by  the 
percentage  of  infected  and  unoperated  adenoids,  undergoes  a  parallel 


The  variabiUty  of  weight,  which  is  normally  high,  decreases  in  an 
unfavorable  environment  in  consequence,  as  explained  abov?,  of  the 
retardation  of  the  rate  of  growth  in  weight  which  is  also  an  efi^ect  of 
the  unfavorable  environment,  while  the  variabihty  of  stature,  which  is 
nonnally  much  less  variable,  increases  in  consequence  of  the  enhance- 
ment of  normal  deviations  frcnn  the  average  whidi  in  this  case  more 
than  compensates  for  the  reduction  of  variability  due  to  slackenii^ 
of  growth.  We  may  infer  that  among  children  of  this  ^e  a  defect  in 
stature  and  weight,  with  a  high  variability  of  stature  and  low  variability 
of  weight  is  indicative  of  the  operation  of  an  unfavorable  environment. 

SDHMABT 

1.  The  rate  of  growth  in  weight  of  school  children  of  both  sexes 
increases  from  the  seventh  to  the  fifteenth  year  and  variability  in 
weight  undergoes  a  parallel  increase  during  this  period.  There  is  a 
decided  tendency  for  maxima  of  vanabdity  to  comcide  with  maxima 
of  yearly  increment  in  weight. 

'  The  pareota  of  the  children  attendiag  the  school  situated  in  the  industrial 
district  included  &  large  proportion  of  individuals  of  foreign  birth.  It  is  not 
believed,  however,  that  this  factor  invalidates  the  conclusions  drawn  from  the 
above  comparison,  for  on  the  one  hiuid,  there  is  no  reason  to  suppose  that  the 
children  att«nditiK  the  other  schools  were  less  heterogeneous  racially  than  the 
children  attending  the  school  in  the  industrial  district,  for  they  represent  in 
the  majority  of  cases  the  offspring  of  persons  whose  parents  were  themselves 
of  non-American  nativity,  and  on  the  other  hand,  while  racial  heterogeniety 
in  the  absence  of  other  factors  might  be  expected  to  enhance  the  variability  of 
mry  characteristic  and  dimension,  the  children  from  the  industrial  district  were 
actually  leu  variable  in  weight  although  more  variable  in  stature  than  those 
from  the  average  and  residential  districts. 
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2.  Tie  statim  of  scfaool  cfaildRB  doing  Has  penod  incre— m  U 
ttB  akaoBt  UBifonB  nte  SAd  the  TsmbilitT  of  stakme  is  eomqxxKfin^ 
utufotm. 

X  Tbe  Tariabitity  of  staturv  is  mocti  k^  than  the  TsnabilitT  of 
weight.  b%xa  whkh  «v  maij  infer  that  as  a  ciitmon  cf  aboonoality 
the  naoBure  of  statun  b  more  leEbbfe  thttn  that  of  wci^,  while  u 
a  seDstire  indkator  of  tiw  effiects  of  eaTuonmwrtal,  phyaaalogieal  <v 
dHtetkf  Suctiiatisaev  f«o>Tkfed  statistical  neChiNfe  of  inTeBtjgMinn  are 
cnpioyodr  dh»  iiMimiiini  of  w«ght  is  to  be  pKcfencd  to  that  of  atatme. 

4.  ^■■Mi.g  ehikli^  of  SyvOESof  age  H  BCoaad  thai  Boeanng  nn- 
biTgcabtliCT  of  wtTiromnent  and  lack  (tf  mnfi^  an  cMohs  id  a  paiaDd 
inatwiw  iit  deSatntj  of  w«tgh£  and  statan,  aw^mpaaaid  br  a  deewae 
in.  the  TaiiabtltGj  of  ««(gbt  and  an  tocnaae  in  the  vanafaditT-  of  atatve. 

aaUOGBAFST 

U;<   Mora  vucti?  31.73  par  omc:  inxnpw  D»*BBpart,  StetaiCuiBl  ^btboda.  iai 
Ecin..  Xrnr  Totfe.  t9K  H;  Tale:  Aa  latntdatrtiaB.  to  tba  Tbnrr  if 
StadMia^  ^Hi  Edn.,  Lmdnn,  I9I2.  Chaptar  S. 
:  Amn.  KdL  ClMn..  l9Ut.  ndv.  372. 
:  This  JontBAl.  tSttf.  sli.  aSS, 
^4;  BosaanoM:  Joum.  KoL  Cbem..  1910,  ixv.  saB. 
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CONTRIBUTION  TO  THE  PHYSIOLOGY  OP  THE  STOMACH 

XXXIX.  The  Hunoeb  Mechanish  of  the  Pigeon  and  its 
Relation  to  the  Cbnteal  Nbbtods  Stbteh 

f.  t.  rogers 

From  the  HvU  Phytiologieal  Laboratory,  The  Vnivertitji  of  Chicago 
Received  for  publicAtion,  August  30,  1016 

Some  time  ago  Professor  Carlson  suggested  that  the  restleesness  of 
decerebrate  animals  might  be  correlated  with  Uie  motor  activities  of  the 
digestive  tract.  3  At  the  same  time  such  preparations  would  serve  as 
test  objects  for  studying  the  relation  of  the  gastric  activities  to  the 
cerebral  or  other  centers.  Two  lines  of  experiments  have  been  carried 
out  in  studying  these  two  questions. 

UETHODB 

Study  c^  the  changes  in  gastric  activities  was  carried  on  by  the  method 
for  graphic  registration  described  by  Professor  Carlson  (1)  and  by  di- 
rect observation.  The  two  methods  have  been  employed  as  checks 
agjiinst  each  other  in  the  effort  to  determine  the  advantages  of  each 
and  the  errors  to  which  each  is  subject.  Tracing  No.  1  was  made  hy 
holding  the  bird  quietly  in  the  hand  and  indicating  the  occurrence  of 
contractions  with  a  signal  magnet  writing  against  a  moving  drum. 

The  gastric  apparatus  of  the  pigeon  is  anatomically  divided  into 
three  parts:  crop,  proventriculus  or  glandular  stomach,  and  the  mus- 
cular stomach  or  gizsard.  The  crop  is  described  as  a  simple  dilation  ' 
of  the  esophagus  and  has  a  simitar  structure.  [Details  are  ^ven  by 
Gadow  in  Bronn's  Manual  (2)].  The  movements  of  the  crop  may  be 
directly  observed  by  plucking  the  feathers  from  the  lower  end  of  the 
neck  and  the  upper  part  of  the  breast.  To  record  these  movements  a 
small  rubber  balloon  may  be  passed  down  the  esophagus,  but  since 
this  leads  to  persistent  swallowing  movements  a  better  way  is  to  make 
a  fistula  throi^  which  the  balloon  may  be  introduced,  without  incon- 
venience or  discomfort  to  the  bird.  Since  in  pigeons  it  is  unnecessary 
to  take  elaborate  aseptic  precautions  for  sui^cal  experiments  all  that 
6S& 
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need  be  done  is  to  etbeiiae  the  biid  aod  make  an  inciBioD  through  the 
skin  ftud  musculaiis  ot  the  cn^  aad  insert  a  small  piece  of  rubber  tab- 
ing  to  keep  the  fistula  open.  If  this  tubing  be  removed  the  fistula 
win  doee  in  two  oe  three  days  and  the  bird  is  ncme  the  worse  for  the 
(^wntnn.  Two  or  three  Gstube  may  be  made  in  the  same  animal  if 
neetled.  Direct  obeervatioa  o(  birds  with  and  without  such  fistuUe 
dtow  that  the  presence  <rf  the  small  t^iening  does  not  modify,  or  only 
vety  sU^tly,  the  normal  moTements  of  the  crop. 

Ttacings  of  the  movem«its  ot  the  {NrorentricuhB  and  giaaard  in  the 
n(«mal  bird  may  be  obtained  by  pushing  the  balloon  into  the  ginaid 
throu^  a  fistula  made  in  the  midline  of  the  crop  (fig.  2) . 

By  the  term  dec«rebration  in  this  paper  ia  meant  the  remoTal  of 
aD  the  forebrain  anterior  to  the  thalamus.  The  tedmiqae  of  de- 
ea«bratioD  was  developed  by  the  trial-and-errra-  method  ot  experieace. 
Practice  showed  that  the  princ^)al  difficulty  lay  in  mnoTiog  sD  of  the 
forebraia  without  injury  to  the  thalamus  and  cerebellum  and  without 
inemedially  injuring  the  cetebnl  circulation.  The  layer  of  8Q|ra- 
veutricular  cortex  is  very  thin  and  that  part  of  it  which,  in  its  pcsi- 
tioD,  corresponds  to  the  occipital  cortex  <rf  nmmm^la  ig  very  easily 
overlooked  until  revealed  at  post  mortem.  Scrader  (3)  and  Mnnk 
(4)  state  that  about  four-fifths  of  their  comi^etely  decerebrated  txrcb 
died  shortly  aftw  the  operation.  In  the  present  aenea  of  ezperimeots, 
out  of  forty  attaupts  only  six  birds  satisfied  the  reqairemants  ci  re- 
covery from  the  "shock"  of  the  operation,  exhilntion  of  typical  denn- 
brate  behavior,  and  post  mortem  confinnatioo  of  c«nplete  decmetga- 
tion  without  trauma  of  the  remaining  parts  of  the  brain.  The  tech- 
nique finally  adopted  was  as  follows:  In  the  etberixed  bird  the  ciaoiiiiB 
was  exposed  by  a  longitudinal  inciaon  of  the  skin.  The  booe 
overlying  the  cerebral  hemi^heree  was  then  carefully  removed,  eaeept 
that  part  directly  over  the  median  sinus.  The  dura  should  not 
'  be  torn  during  this  process.  Then  with  fine  pointed  scissors  the  dnia 
was  laid  open  by  the  incision  near  and  parallel  with  the  medial  and 
transverse  iiinuses.  This  was  done  for  both  hemiq>heres.  AH  ttf  this 
can  be  done  without  bleeding.  A  probe  with  a  point  curved  to  fit  the 
posterior  border  of  the  brain  was  then  inserted  under  the  dura  and  the 
brain  substance  removed  while  the  dura  was  left  intact,  ^monfaap 
was  controlled  by  gently  packing  with  cotton.  When  the  gHBteir 
part  of  the  bleeding  had  ceased,  the  cotton  was  removed,  the  <nnial 
cavity  left  empty,  and  the  skin  was  sutured  over  the  bridge  at  boos 
that  had  been  left  in  position.     In  successful  preparations,  after  death 
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it  will  be  seen  that  ihe  edges  of  the  dura  have  coalesced  to  form  a  sac 
filled  with  clear  cerebrospinal  fluid.  All  traces  of  hemoirhage  have 
disappeared  and  the  circulation  of  the  remaining  parts  of  the  brain  is 
as  nearly  normal  as  is  possible  after  such  an  operation.  Any  post- 
operative bleeding  is  allowed  to  take  care  of  itself.  No  dressing  was 
applied  io  order  to  avoid  pressure  on  the  remaining  parts  of  the  brain. 

UTBRATURB 

Descriptions  and  discussions  of  the  behavior  of  decerebrate  animals 
and  biblit^raphies  are  given  in  all  the  better  text-  and  handbooks. 
(See  especially  Schrader  (3)  and  I^hermak  in  Nagel's  Handbuch  (5)  ]. 
Attention  however  must  be  called  to  the  following  [wints,  significant 
for  the  present  work. 

Rolando  in  1809  and  Flourens  (6)  in  1822  first  showed  Uiat  decere- 
brated pigeons  could  be  kept  alive  for  long  intervals  of  time. 

Longet  (7)  showed  that  the  behavior  of  such  birds  depended  on 
whether  or  not  the  thalamus  was  included  in  the  decerebration :  that 
birds  with  the  thalamus  intact  exhibited  spontaneous  movementa, 
while  those  with  the  thalamus  destroyed  did  not. 

In  striking  contrast  to  the  long  continued  discussions  of  the  psydiic 
or  mental  capacities  of  decerebrate  animals,  Vulpian  (8)  maintained 
that  the  "spontaneous  movements  are  purely  mechanical."  "Tliere 
is  lacking  in  their  reputed  volimtary  movements  that  capricious  spon- 
taneity that  is  seen  in  the  normal  animal."  "Apres  I'ablation  du 
cerveau  au  contraire  ces  mouvements  sont  dus  a  des  excitations,  soit 
exterieures  ....  soit  interieures  et  d'un  certain  ordre  telles 
que  la  fatigue,  la  gene,  que  determine  une  meme  attitude  trop  Xoag- 
temps  prolongee,"  etc.  But  he  did  not  include  visceral  influences  as 
a  factor. 

Schrader  Studied  the  influence  of  light,  sound,  and  other  external 
stimuli  on  these  spontaneous  movements  and  stated  that  hunger  and 
thirst  were  factors.  "  .  .  .  .  bei  den  autcnnatischen  Beweg- 
ungen  die  flrr^ungen  den  v^etativen  Organen  enstammen 
.  .  .  .  die  Bew^ungen  unseren  Tauben  von  manchen  v^eta- 
tiven  Reizen  beeinflusst  werden."  But  no  objective  proof  of  changes 
in  the  viscera  was  given. 

Munk  states  specifically  that  the  completely  decerebrated  bird 
with  the  thalamus  intact  moved  about  very  little  "so  tange  der  Kropf 
nicht  leer  oder  nahezu  leer  war.    Aber  war  den  Kropf  leer  geworden 
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BO  afolgtoi  jme  attenat  Bewegungen  (sbetdiiiig,  prwiinfc  *^) 
haoficer  and  aadt  die  GeUieweguneai  wiederttirften  ncfa  desto  ruefacr, 
je  luger  die  nauB  Futtening  nnterUid)." 

Goki'e  (9)  tamom  deeembrate  dog  ms  anstantly  reatleas  dtniiis 
the  dmy  bat  quiet  at  ni^t. 

With  refefcnoe  to  the  actiTitieB  of  the  gastric  mediaiiim,  Browi 
Sequard  (10)  noticed  that  tfaythmie  movemeota  of  the  sop  maj  be 
'  aeen.  Since  thai  many  idiyaologiste  have  studied  the  intrinac  tee- 
ton  and  the  external  aetvwK  oontrol  ot  these  cvgans.  (Claude  Bcr- 
naid  (11),  Mangold  (12),  Stobd  (13),  Magnan,  (M),  Doyoo  (15). 

Uoaa  (16)  fooDd  that  io  the  crop  {Lln^urie}  two  types  of  oootrae- 
tions  occur:  IVtiodic  penstahic  contraetaanB  of  the  unier  part  and  lap- 
idly  repeated  rhythmic  contnctions  al  the  lower  part  of  the  oop. 
Tltcee  were  reconled  by  the  baUoon  method.  He  states  that  these 
eontrartMoe  are  not  preaeDt  when  the  crop  is  empty. 

Dojron  recorded  amilar  eontnctian  of  crop  by  the  baOooo  method. 
He  noticed  an  ahemation  of  the  eootraetimiB  oceorring  in  the  ^aoda- 
hr  stomach  witii  thoae  of  the  moaciriar  stomach:  that  if  the  bird  ii 
himgry  the  en^  is  at  rest,  but  dirtention  of  the  baDoiw  cauaes  eoe- 
tnctioos.  Also,  that  the  onp  is  inueikated  by  the  vagos  and  dee- 
trieal  stimolatioo  of  the  na-vc  caow  a  tonic  contraction  of  the  cnp 
and  riiythmic  contractions  of  the  gizmrd. 

f^naUr  Kato  (17)  in  a  teee&t  papa  from  Mangold's  labotrntory 
giTv  meaaonments  showing  that  the  piiasuH.'  cierted  by  the  eoo* 
tractions  of  the  ginard  daring  hoikger  are  greater  than  those  oeeumog 
after  feeding. 


In  this  report  the  ivuhs  stated  for  deecrelwate  birds  are  from  titdi 
wfai^  hare  been  kept  for  one  to  four  mootfas  after  deocrehratioa. 
For  a  Erw  davs  after  decexebration  then  mar  be  a  period  oi  shock 
marked  by  vascular,  tempeimture,  and  gairtrtr  iBlmtinal  disturfaancea. 
TVee  do  not  always  appear,  and.  as  pointed  out  In-  early  workxis,  if 
tber  do  not  the  "  progDCtsss"  is  good. 

.Viiri'u.'  frc^jx.  When  a  retativeir  large  baBoon  is  pot  in  the  empty 
ovp  artd  then  distec<fed.  the  bird  wiZ  fiii|w)lj  set  op  a  shrogging 
»ie>n$e  mowcxct  thai  ii:±-:a;«s  that  the  **iB'rm  is  a  source  vt  irri* 
tat:oii.  It  $b^>w9  Tvrr  rinHy  thai  j^csuh  tn^  the  crop  can  induce 
(h&sgw  i:;  the  Sffaarxv  cc  thf  nrd.  This  inritatag  actiOB  can  always 
be  produv-vd  W  su£..->ect  cs^estsaec  d  the  baloon.    It  is  sooietimei 
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seen  after  overdistensioii  of  the  crop  with  food.  Theae  bead  and  neck 
movemeDta  are  of  coarse  not  to  be  confused  with  cootractJons  of  the 
crop  which  may  or  may  not  be  present  at  the  same  time.  Avmding 
these  effects  of  orerdistenBiQn  there  occur  two  types  of  cootractioDS 
of  the  onpty  or  neariy  onpty  crop.  J^"^.  sbYHig  peristaltic  waves 
that  run  over  either  the  entire  crop,  if  it  be  empty,  tx  only  part  of  it, 
according  to  the  degree  of  distension  with  food.  SecQudL  mudi  more 
rafud  rtiythmical  cootiactiiHis  at  the  extrane  lower  part  of  the  crop. 
Both  types  are  visible  in  the  anpty  crop. 

The  frequency  of  the  peristaltic  waves  and  their  pmnt  of  origin 
varies  with  the  volume  <tf  the  ctMitents  of  the  crop.  After  feeding  they 
seem  to  be  entii^  absent  for  a  short  time  (30  to  45  minutes).  Ilien 
at  intervals  there  occur  one  or  two  c(mtracti<»is  iriiich  can  be  detected 
by  the  balloon.  In  an  hour  or  two  there  appear  groups  of  three  or 
four  ot  these  waves,  and  (hey  gradually  increase  in  frequency  and  vigor 
so  that  after  five  or  six  hours  there  may  occur  at  into^rals  of  a  few 
minutes  cootractioDS  in  groups  of  six  to  twelve  or  more.  By  this  time 
the  bird  is  seeking  food  but  if  no  food  is  supplied  and  the  crop  is 
allowed  to  empt>',  this  same  peristaltic  or  tonic  activity  contioaes. 
Sometimes  the  contractions  are  ra^Hdly  and  continuously  repeated 
for  several  hours,  but  they  usually  occur  in  groups  periodically  (fig.  3). 
Efforts  to  determine  whether  or  not  there  was  any  change  in  the  char- 
act«-  of  the  contractions  according  to  the  duratioa  of  the  starvation 
period  showed  that  sometimes  as  the  hunger  period  is  [volonged  (two 
or  three  daj-s)  cfutinuously  occurring  contractions  appear,  at  other 
times  they  do  not.  Tliese  variatioos  occur  in  the  same  bird  at  dif- 
ferent times. 

-  To  obtain  tracings  it  was  found  necessary  to  ke^  the  birds  in  dark- 
ened cages  to  keep  them  quiet.  If  while  a  period  ttf  contracti<His  is 
occurring,  a  bght  be  $uddent>'  thrown  on  the  bird  the  contractions 
cease  immediately  ^fig.  4).  A  sudden  noise  wiD  have  the  same  effect. 
.Attempts  to  capture  and  bald  the  bird  in  the  hand  at  once  inhibit  the 
contractions.  Sponlai>eous  strugglii^  of  the  bird  of  course  does  the 
same. 

Hie  cuQtrai-ttvu:^  of  th«  empty  crop  in  the  normal  Inrd  are  not  easy 
to  denu>n:$trate  exv-t'pt  by  the  balloon  method.  For  the  normal 
bungr>-  pijwon  in  a  i-»p?  is  usually  in  a  state  ot  restless  excitement, 
and  it  «i;i  ti'  s^vii  only  that  ibe  iTv>p  e  empty.  But  if  such  a  lard  be 
quietetl  »i  a  tvtr[i*l!_v  >.itrkent^l  cage  with  the  obeenms  sitting  quietly 
near.  (Kc  wtitrMcin'ii*  oi  the  crv'p  can  b*  se«i  without  any  form  of 
re(ti>ii'rniit  ai>i\*.'^ti». 
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Probably  one  reason  for  the  statement  of  other  observers  that  the 
empty  crop  is  quiescent  is  the  failure  to  control  these  inhibitory  influ- 
ences. In  a  blinded  pigeon  but  with  the  cerebrum  intact  it  is  much 
easier  to  observe  these  changes  in  the  crop.  The  blind  bird  usually 
but  not  invariably  sits  quietly  in  its  cage  except  when  at  intervals 
it  is  driven  by  hunger  or  thirst  to  hunt  for  food  and  water.  In  such  a 
bird  patience  alone  is  required  to  discover  that  if  the  bird  is  quiet  and 
the  crop  empty,  at  intervals  one  or  more  deep  peristaltic  waves  will 
run  over  the  entire  crop  and  this  is  frequently  the  precursor  of  the 
bird's  shifting  its  position  or  walking  about  the  cage. 

At  other  times  instead  of  periodic  contractions  the  entire  crop  may 
be  so  closely  constricted  as  to  nearly  obliterate  its  lumen.     It  is  evi- 


Fia.  2.  Decerebrate  bird,  24  houn  hunger.    Balloon  in  the  0Etard. 

dent  that  according  to  the  explanation  given  by  Cannon  (18)  of  the 
relation  between  tonus  and  distension,  peristaltic  contractions  will  not 
appear  on  such  a  constricted  organ.  Between  this  condition  of  con< 
traction  of  the  whole  organ  and  that  of  a  partially  relaxed  crop  over 
which  run  deep  peristaltic  waves,  there  may  be  found  all  intermediate 
gradations  in  the  same  bird  at  different  times.  , 

The  rapidly  repeated  rhythmic  contractions  of  the  lower  part  of 
the  crop  occur  at  the  rate  of  eight  to  ten  per  minute.  Each  of  the 
much  slower  peristaltic  waves  of  the  empty  crop  requires  ten  to  twenty 
seconds  to  complete  its  cycle.    (Fig.  5.) 

Very  small  amounts  of  water  and  food  first  stimulate  and  then  in- 
hibit the  contractions.    No  inhibition  by  taste  stimuli  was  found. 
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This  IB  not  surprisiiig  since  these  birds  are  dry-grain  feeders.  Lesions 
of  the  cerebellum  or  unilateral  destruction  of  the  semi-circular  canals 
leads  to  a  rather  striking  inhibition  of  the  crop  activities  and  bence 
stasis  of  food.  This  effect  is  more  marked  in  birds  with  the  cerebrum 
intact  than  in  decerebrate  birds,  but  it  is  true  of  both.  The  analogy 
to  vert^  and  seasickness  in  man  with  the  accompanying  gastric  dis- 
turbances is  obvious.  Simple  prolonged  anesthesia  or  hemorrhage 
from  the  cranial  arteries  or  sinuses  does  not  have  this  effect. 

Decer^aie  tnrda.  Tlie  preceding  facts  which  with  patience  can  be 
made  out  in  the  normal  bird  are  more  easily  demonstrated  in  the 
decerebrate  animal,  for  here  inhibitory  influences  are  at  a  minimum^ 
They  may  be  studied  either  by  direct  observation  or  by  the  balloon 
and  graphic  tracing  method.  As  Doyon  states,  these  contractions 
may  be  induced  by  distension  with  the  balloon.  But  the  balloon  may 
be  discarded  and  the  still  simpler  device  adopted  of  so  pressing  on  one 
part  of  the  crop  with  the  fingers  as  to  distend  the  remainder  with  the 
contained  air.  This  recalls  Auer's  observation  that  in  the  nearly 
empty  stomach  of  the  rabbit  distension  with  air  induces  lively  contrac-  , 
tions.  But  by  either  method,  the  response  of  the  crop  is  periodic;  it 
can  not  always  be  induced  by  simple  distension  but  only  at  intervals. 
Evidently  there  is  a  periodic  alteration  of  tone  or  of  ability  of  the 
muscle  to  respond  to  the  stimulus  of  distension. 

TTiese  contractions  occur  either  singly  or  in  groups  of  two  to  twelve 
at  intervals  of  ten  to  sixty  minutes.  At  times  they  may  run  on  con- 
tinuously for  an  hour  or  more.  Both  types  of  grouping  have  been 
noticed  in  the  same  bird  at  different  times.  These  contractions  which 
have  been  spoken  of  as  "spontaneous"  by  other  workers  might  be  des- 
ignated the  hunger  contractions  of  the  bird,  for  their  appearance 
usually  means  subsequent  restlessness  of  the  bird. 

One  of  the  easiest  ways  of  visibly  demonstrating  these  contractions 
is  to  take  a  bird  whose  crop  is  empty  and  the  bird  restless  and  give  it 
plenty  of  water.  The  crop  relaxes,  and  the  bird  assumes  the  typical 
sleeping  position.  The  crop  slowly  empties  itself:  its  tonicity  increases 
and  when  the  bird  again  begins  his  wanderings  deep  contractions  can 
be  seen  to  be  running  over  the  incompletely  constricted  crop.  Their 
occurrence  can  be  understood  as  the  resultant  of  that  reaction  between 
tone  and  distension  which  has  been  described  by  Cannon  for  the 
mammalian  stomach. 

If  a  very  small  amount  of  food  or  water  is  given  this  sets  up  a  Uvely 
play  of  contractions  in  the  crop.    These  soon  disappear  and  there 
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follows  a  marked  relaxation  of  the  previously  constricted  or  contract- 
ile crop.  This  relaxation  is  considerably  more  ih&a  is  necessary  to 
barely  permit  the  reception  of  the  food  swallowed.  Solid  food  is  a 
more  efficient  relaxing  agent  than  an  equal  volume  of  water.  With 
water  there  is  some  quantitative  relation  between  the  volume  of  fluid 
introduced  and  the  relaxation  of  tone.  Thus  two  to  four  cubic  cen- 
timeters of  water  does  not  always  have  this  inhibitory  action,  while 
eight  to  twelve  cubic  centimeters  is  followed  by  relaxation. 

In  the  decerebrate  bird  which  has  only  recently  recovered  from  the 
shock  of  operation,  li^t,  noise,  and  handling  the  bird,  have  no  in- 
hibitory effect  on  the  contractions.  A  month  or  two  later,  light  and 
noise  have  no  inhibitory  effect,  but  handling  the  bird  frequently  stops 
the  contractions.  Hie  reaction  to  food  and  water  is  identical  with 
that  of  i^e  Dormal  bird.  Lesions  of  the  equilibratory  apparatus 
have  an  inhibitory  effect  on  the  crop  activities. 

With  reference  to  the  motor  activities  of  the  proventriculus  and 
gizzard  tracings  have  been  made  which  (in  so  far  as  the  balloon  method 
is  justifiable)  show  that  both  of  these  parts  of  the  hungry  bird  are 
vigorously  and  continuously  contracting.  As  is  shown  by  the  tracing 
(fig.  2)  periods  of  tetanic  contractions  occur. 

With  the  thalamus  intact,  the  conclusion  seems  unavtndable  that 
when  the  hemisiAeres  are  gone,  inhibitory  reactions  to  external  influ- 
ences are  gone  but  are  still  retained  for  intrinsic  stimuli.  So  far  as  the 
gastric  mechanism  is  concerned  loss  of  the  hemispheres  means  only 
that  the  gastric  activities  are  no  longer  r^ted  to  distant  influences. 

How  do  these  factors  relate  to  decerebrate  restlessness?    T\nB  reot- 
lessnesB  is  simply  a  continuous  or  periodic  walking  about.    It  is  a 
familiar  fact  that  in  the  dog  after  transection  of  the  spinal  cord,  the 
stepping  reflex  may  be  easily  elicited.    The  writer  was  somewhat  sur- 
prised to  find  that  in  the  dog  after  removal  of  the  cerebral  cortex  with 
the  thalamus  left  intact,  any  painful  stimulus  produced  eooc^inated 
walking  movements  of  all  four  legs  (Sherrington,  19).    Hence  it  seems 
fair  to  assume  that  in  the  bird  decerebrate  restlessness  is  only  a  reflex  7 
response  to  some  stimulus.     In  such  a  bird,  Ught  and  soimd  may  be  I 
influencing  factors  but  certainly  are  not  the  essential  or  adequate  / 
'  stimuli,  for  the  blinded,  decerebrate  bird  shows  the  same  type  of  ) 
restless  wandering  as  one  with  the  eyes  intact. 

Moreover,  whether  or  not  in  the  decerebrate  pigeon  the  restlessness 
is  continuous  or  periodic  with  few  exceptions  d^)end8  on  the  sise  of 
the  cage.    A  hungry  bird  which  tends  to  wander  around  continuously 
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in  a  large  open  space  will  on  the  eame  day  react  periodically  in  a 
smaller  cage  (20  by  30  inches),  llie  hungry  (not  thirsty)  bird  ex- 
hibits periodic  activity  of  the  crop  and  periodic  restlessness.  Hie 
contractions  of  the  crop  are  not  caused  by  the  restleesnees  of  the  bird 
for  they  run  their  course  with  the  bird  held  quietly  in  the  hand.  And 
it  has  been  repeatedly  seen  in  the  decerebrate  birds  and  in  blinded 
pigeons  with  brain  intact,  that  the  crop  activity  begins  before  the 
restlessness.  Of  courae  once  started  the  restlessness  tends  to  con- 
tinue after  the  exciting  stimulus  has  disappeared  and  may  continue 
until  fatigue  sets  in  or  imtil  the  bird  is  stopped  by  an  obstruction. 
Cessation  of  the  walking  occurs  only  if  the  exciting  stimulus  is  no 
longer  present. 

But  the  changes  in  the  crop  are  not  the  only  possible  exciting  fac- 
tors, for  it  can  be  shown  by  feeding  dry  corn  that  ihe  bird  is  subse- 
quently restless  and  this  can  be  ended  by  ^ving  water.  Further- 
more, with  plenty  of  food  and  water  birds  sometimes  walk  around  for 
a  short  time,  defecation  follows  and  the  bird  becomes  quiet.  Evi- 
dently three  possible  stimuli  inducing  the  walking  reflex  are  the  vis- 
ceral impulses  associated  with  thirst,  hunger;  and  defecation.  The 
last  two  are  connected  with  faypermotility  of  the  digestive  tract. 
Conversely,  by  keeping  the  birds  well  fed  and  watered  they  seldom 
move  about  and  in  these  occasional  cases  the  movements  can  be 
understood  as  responses  to  fatigue  or  cutaneous  stimuli. 

If  a  normal  pigeon  is  etherized  and  the  viscera  exposed  the  gizzard 
will  be  seen  to  be  quiet,  the  intestine  may  or  may  not  exhibit  peri- 
staltic contractions.  If  such  a  bird  has  previously  received  an  intra- 
peritoneal injection  of  one  cubic  centimeter  of  0.1%  pilocarpine  Sul- 
phate the  gizsard  and  intestine  will  be  seen  to  be  contracting  vigor- 
ously. If  the  same  dose  be  given  to  a  decerebrate  bird  which  has 
previously  been  fed  and  watered,  in  a  few  minutes  the  bird  will 
eitiier  begin  walking  around  or  executing  a  rather  comical  stepping 
reflex  without  actually  moving  its  position — a  sort  of  "mark  time" 
reflex,  as  it  were.  One-fourth  cubic  centimeter  of  pituitary  solution 
(Armour)  produces  similar  effects.  Five-tenths  to  one  cubic  centi- 
meter of  0.1%  atropine  abolishes  the  pilocarpine  restlessness  and  like- 
wise inhibits  the  contractions  of  the  gizzard.  The  converse  experi- 
ment may  also  be  carried  out.  The  decerebrate  bird  is  given  water 
but  no  food.  While  exhibiting  the  restlessnesss  characteristic  of 
'  hunger  an  injection  of  atropine  will  abolish  the  walking  and  the  bird 
relai)se8  into  a  somnolent  position.    This  is  suggestive  but  of  course 
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not  a  coDcluuve  line  of  experimentation.  Drugs  which  stimulate  tiie 
visceral  activities  cause  restlessness  in  the  bird.  Drugs  which  quiet 
the  viscera  quiet  the  restlessness.  Possibly  stimulation  of  the  central 
nervous  system  by  the  drugs  mif^t  account  for  the  changes  in  the  re- 
sponse. But  DO  stimulation  for  the  central  nervous  syst^n  has  been 
described  for  pituitrin  and  it  produces  visceral  and  reflex  effects  simi- 
lar to  pilocarpine.  Atropine,  if  anything,  is  s  stimulant  of  the  cm- 
tral  nervous  system  and  yet  it  abolishes  the  walking  response  while 
at  the  same  time  quieting  the  viscera.  Other  drugs  less  powerfid  in 
action  give  varying  results.  Simple  laxatives  such  as  lactose  and 
excess  of  water  frequently  cause  restlessness  with  defecation  but  not 
always.  These  substances  however  do  not  cause  increased  tonus  of 
the  gut. 


PiQ.  6.  Deoerebntc  bird,  24  hoora  after  feeding.  Balloon  in  lowest  part  of 
the  crop.  At  x,  water  given  by  mouth,  b  is  eootiniiation  of  a.  Time  in  S 
mteoad  intervals.' 

All  of  this  suggests  that  two  factore  remain  which  if  possible  to  con- 
trol or  estimate  m^t  induce  the  behavior  of  the  decerebrate  bird  to 
mechanical  t^rms.  These  two  factors  are;  threshold  values  for  visceral 
stimuli  and  variations  in  the  irritability  of  the  central  nervous  system. 
It  seems  to  the  writer  that  if  it  is  possible  to  reduce  the  study  of  vis- 
ceral impulses  to  a  quantitative  basis  the  decerebrate  animal  is  par 
excellence  the  test  object  for  such  wm-k. 

With  reference  to  the  reflex  irritalHhty  of  the  central  nervous  sys- 
tem prolonged  ohsen'atifm  con^-inces  one  that  variations  do  occur, 
although  so  far  as  the  writer  knows  little  has  been  done  on  the  ques- 
tion. Further  work  is  planned  on  this  but  the  following  may  be 
noted  here: 
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A  hungry  bird,  not  fed  for  several  days,  b  restlees  during  the  day 
and  quiet  at  night.  This  is.  not  a  question  of  illumination  only,  for 
the  blinded  decerebrate  bird  acts  in  the  same  way.  However,  this  is 
not  an  invariable  rule,  for  I  have  seen  such  birds  periodically  restless 
during  the  night  and  have  seen  these  periods  run  parallel  with  periods 
ot  crop  activities.  But  as  a  rule  the  bird  is  quiet  at  night  in  spite  of 
changes  in  the  digestive  system.  I  have  also  seen  that  a  louder  ootae 
is  necessary  to  cause  a  reflex  lowering  of  the  feathers  or  opening  of  the 
eyelids  when  the  bird  has  been  fed  than  when  it  is  hiugry.  The  varia- 
tions in  irritability  change  so  markedly  as  time  is  allowed  for  recovery 
from  shock  that  a  much  more  careful  study  of  this  will  have  to  be 
made. 

BDHUART 

In  normal  and  decerebrate  pigeons  the  crop  when  nearly  empty 
and  during  subsequent  starvation  exhibits  hypermotility  or  hyper- 
tonicity  which  is  usually  periodic  but  may  at  times  run  continuously 
for  several  hours. 

In  the  normal  bird  this  ^peractivity  is  inhibited  by  food,  by  water, 
by  any  conditions  causing  fear  or  surprise,  or  by  labyrinthine  and 
cerebellar  lesions. 

In  the  decerebrate  bird  (thalamus  intact)  water  and  food  inhibit  the 
hyperactivity.  Inhibitory  reactions  to  non-painful  external  stimuh 
are  wanting  but  persist  for  intrinsic  painful  stimuli  or  lesions  of  the 
equihbratory  apparatus. 

Three  kinds  of  visceral  influences  normally  stimulate  the  restless- 
ness of  the  decerebrate  bird:  Hunger  associated  with  hypermotility 
of  the  gastric  mechanism;  thirst;  and  sometimes  intestinal  impulses. 
Pilocarpine  and  pituitrin  augment  visceral  tone  and  contractions  and 
induce  the  walking  reflex;  atropine  quiets  the  viscera  and  abolishes 
the  restlessness. 

Variations  in  reflex  irritabiUty  occur  in  the  well  kept  decerebrate 
bird. 
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Id  the  course  of  some  experiments  on  the  semicircular  canals  and 
the  otic  labyrinth,  a  number  of  lesions  of  the  cerebellum  and  the  me- 
dulla oblongata  resulted,  either  from  sUps  in  the  experimental  tech- 
nique or  from  accident.  They  may  be  r^arded  as  experiments  con- 
tributing much  to  our  own  education  while  we  were  developing  our 
operative  methods.  But  as  the  results  did  not  bear  directly  on  the 
question  of  the  effects  of  stimulation  or  extirpation  of  the  labyrinth, 
they  were  not  included  in  our  first  paper  on  the  labyrinth  (1).  There 
is  but  a  single  lesion  of  each  kind,  except  in  the  case  of  rupture  of  the 
posterior  meningeal  artery,  but  we  present  them  at  this  time  in  the 
hope  that  some  of  the  results  may  not  be  without  interest  to  others 
who  may  have  had  similar  accidents,  and  none  of  them  are  without  a 
distinct  interest  to  students  of  the  physiology  of  the  central  nervous 
system.  Some  of  the  lesions  were  not  such  as  one  would  care  to  duph< 
cate  more  than  necessary,  and  one  or  two,  being  the  result  of  accident, 
might  not  be  easily  dupUcated.  The  third  one,  on  the  lesion  of  the 
flocculus  cerebeUi,  illustrates  particularly  well  the  statement,  due,  we 
beUeve,  to  Hitzig,  that  slight  lesions  may  sometimes  be  more  instruc- 
tive than  graver  ones. 

I.    DEATH    FROM    HEUORRHAGE    FOLLOWING    INTRACRANIAL    RVPTDRB    OF 
THE   POSTERIOR  MENINGEAL  ABTERT 

In  the  course  of  some  experiments  on  section  of  the  vestibular 
nerve  intracranially,  intracranial  rupture  of  the  posterior  meningeal 
artery  was  followed  by  death  in  less  than  twenty-four  hours.  It  had 
been  observed  in  previous  experiments  that  extracranial  rupture  of  the 
artery  had  no  noticeable  effect.     The  method  followed  in  sectioning 
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the  vestibular  nerve  was  to  make  a  small  trephine  opening  in  the  ocd[H- 
tal  bone  over  the  medial  edge  of  the  petrous  portion  of  the  tempoid 
bone  and  a  httle  above  the  foramen  of  the  posterior  meningeal  artery. 
Ah  soon  as  the  trephine  had  cut  through  the  thinner  part  of  the  occipital 
bone  at  the  medial  edge  of  the  temporal,  the  button  of  bone  was  re- 
moved and  a  probe  inserted  through  the  small  opening  in  the  occipi- 
tal bone.  The  probe  was  passed  downward  and  forward  between  the 
skull  and  the  dura  in  the  direction  of  the  internal  auditory  meatus.  In 
some  experiments,  the  internal  auditory  meatus  was  not  reached  and 
the  vestibular  nerve  not  injured,  as  shown  at  post  mortem  examina' 
tion.  But  irrespective  of  the  success  or  faOure  of  dividing  the  ves- 
tibular nerve,  some  of  the  animals  were  found  dead  the  next  morning. 
The  immediate  post-operative  results  were  never  more  severe  than  in 
those  experiments  in  which  the  labyrinth  had  been  opened  from  the 
exterior,  without  disturbing  the  intracranial  structures  in  any  way. 
It  would  have  been  easy  to  attribute  the  deaths  of  our  anipiiJii  to 
shock,  but  our  suspicions  had  already  been  aroused  with  reference  to 
shock  (2)  as  a  cause  of  death  and  an  error  in  procedure  seemed  much 
more  plausible.  Post  mortem  examination  showed  in, each  case,  an 
extensive  hemorrhage  outside  of  the  dura,  never  extending  anterior 
to  the  tentorium,  usually  not  extending  beyond  the  median  line  of  the 
skull,  but  extending  downward  and  backward  along  the  medulla  ob- 
longata. It  is  our  opinion  that  death  resulted  from  the  pressure  on 
the  medulla  due  to  the  hemorrhage  from  the  ruptured  artery.  Avoid- 
ance of  the  posterior  meningeal  artery  or  lifting  it  outside  of  the 
skull  ended  the  trouble. 

The  death  of  the  dogs  seems  to  us  to  be  of  interest  in  connection  with 
death  from  accidental  fracture  of  the  base  of  the  skull  in  the  human. 
Inquiry  has  failed  to  elicit  any  information  on  intracranial  rupture  of 
the  posterior  meningeal  artery  in  these  cases,  several  pathologists  uid 
surgeons  saying  that  they  never  had  seen  a  case.  It  would  seem  prob- 
able, however,  that  this  artery  is  sometimes  involved  in  the  fracture, 
and  its  hgation,  or  the  relief  of  pressure  over  the  cerebellum  and 
medulla  by  removal  of  the  bone  about  the  foramen  magnum  ini^ 
afford  some  prospect  of  rehef  in  a  small  percentage  of  cases  of  what  is 
now  a  hopeless  surgical  condition.  It  is  not  to  be  expected  that  dam- 
age to  the  nervous  tissue  from  internal  hemorrhage  will  be  very  mudi 
decreased  by  operative  procedures,  but  the  increased  intracranial 
pressure,  which  may  in  itself  be  a  sufficient  cause  of  death,  would  be 
relieved. 
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II.   A   FOREIGN   BOOT   IN  THE  LEFT  LATERAL  LOBE  OP  ISE  CEREBELLUH 

In  one  of  these  experiments,  in  exploring  with  a  probe  the  operation 
wound  in  the  bone  resulting  from  removal  of  the  labyrinth,  the  point 
of  the  probe  slipped  through  into  the  cerebellar  cavity  and  broke  off. 
The  condensed  protocol  of  this  experiment  follows: 

Janvary  SO,  J9I0.  Btaek  and  tan  dof.  Removed  left  aemi-circular  caiuUs. 
Point  of  dissecting  probe  broken  off  in  bone  and  could  not  be  removed. 

After  operation  marked  nystagmus  in  both  eyes;  appeared  first  in  left  eye. 

February  6.    Nystagmus  disappeared  on  February  4.    Today  note: 

1.  Marked  inclination  of  head  to  left  side. 

3.  Cork-screw  twist  of  head  in  cervical  region. 

3.  If  dog  is  lifted  up,  has  marked  tendency  to  fait  to  left. 

4.  When  walking,  dog  inclines  to  left,  and  tends  to  go  in  small  circles. 

5.  Drop  reflex  little  affected. 

6.  Goes  upstairs  but  refuses  to  come  down;  if  induced  to  do  so  immediately 
falls  over  to  left;  and  in  one  attempt  rolled  down  the  whole  length  of  the  staira. 

Dog  killed. 

Pott-morlem.    Piece  of  broken  off  probe  was  found  imbedded  in  the  left  lobe 
of  the  cerebellum.    No  hemorrhage  and  no  adhesion  of  dura  mater  to  the  cere- 
Fixed  in  MuUer,  with  bone  attached  on  left  side. 

The  presence  of  the  foreign  body  in  the  left  lateral  lobe  of  the  cere- 
bellum did  not  modify  the  type  of  nystagmus,  nor  appreciably  prolong 
its  course.  Walking  in  a  circle  and  falling  over  toward  the  side  of  the 
injury  probably  persisted  slightly  longer  than  they  would  after  a 
purely  labyrinthine  lesion  on  one  side. 

lU.  LESION    OP   THE   LEFT   PLOCCOLtIB   CEKEBEIJJ   WTTHODT   INJDRT   TO 
THE   VBBTIBDLAH  NERVE 

A  slight  lesion  of  the  left  flocculus  cerebelli,  without  involvement 
of  the  eighth  cranial  nerve,  did  not  cause  nystagmus,  torsion  (A  the 
head  nor  rolling  over  to  one  side.  The  d(%  lay  on  the  left  side  with  left 
fore  and  hind  l^p  extended  and  right  legs  often  drawn  up  to  the  body. 
The  head  was  outstretched  and  the  nose  on  the  floor.  When  placed 
on  the  right  side,  the  dog  attempted  to  stand  up  and  fell  over  to  the 
left. 

The  left  eye  was  deviated  outward  and  the  left  nictitating  membrane 

'  was  drawn  to  the  median  line.    Oscillations  of  this  eye  occurred,  but 

no  constant  movement  could  be  made  out.    The  right  eye  was  not 

deviated  and  the  right  nictitating  membrane  was  not  more  prominent 

than  usual. 
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The  dog  became  playful  and  was  able  to  go  up  and  down  stairs,  and 
to  run  about  on  icy  walks,  or  to  jump  over  his  lead  rope  without  any 
great  difficulty,  at  the  end  of  six  weeks. 

At  the  end  of  two  months  the  dog  was  killed.  A  study  of  his  re- 
actions at  this  time  showed  that  he  still  had  a  sUght  tendency  to  fall  to 
the  left.  Often,  when  the  dog  did  not  fall  completely  over,  he  leaned 
to  the  left  and  the  right  hind  foot  was  raised  from  the  floor.  The  left 
forefoot  swung  inward  in  walking,  particularly  at  the  moment  wboi 
the  foot  was  raised  from  the  floor  at  the  beginning  of  a  step.  In  start- 
ing to  walk,  he  often  went  to  the  left  before  becoming  able  to  go  in  a 
straight  hne.  The  drop  reflex  was  manifested  first  in  the  left  hind 
1^,  but  the  right  hind  leg  came  down  under  him  in  a  way  better  to 
break  the  fall.  In  walking,  the  left  hind  foot  was  out  to  the  left,  and 
the  right  hind  foot  nearly  behind  the  left  fore  foot.  There  was  some 
slight  oscillation  of  the  eyes  on  looking  to  the  right,  but  it  was  incon- 
stant. The  eyes  were  more  readily  deviated  to  the  right  than  to  the 
left,  but  there  was  no  noticeable  nystagmus.  The  left  eye  was  de- 
viated a  little  to  the  left  when  the  dog  looked  straight  ahead. 

The  undoubtedly  greater  persistence  of  disturbances  of  locomotion 
and  equilibrium,  and  the  more  enduring  deviation  of  the  eye,  together 
with  the  fact  that  the  homolateral  eye  alone  was  deviated,  differea- 
tiate  this  lesion  from  a  labyrinthine  lesion.  The  fact  that  this  dog  lay 
preferably  on  the  injured  side  is  in  direct  contrast  to  the  fact  that  a 
dog  with  a  more  extensive  lesion,  involving  the  lateral  half  of  the  cere- 
bellum, lay  preferably  on  the  uninjured  side. 

The  protocol  of  the  experiment  follows: 

November  IS,  1909.     Yoang  fox  Urrier  dog.    Operation  on  left  side. 

Trephine  wound  made  lower  down  nearer  to  condyle  and  to  lateral  aide  of 
condyle  on  lejl  tide.  Large  vein  opened  and  very  considerable  hemorrtia|E. 
stopped  by  removing  bone  aod  inserting  cotton  and  exerting  pressure. 

The  second  trephine  wound  was  made  higher  up.  Through  this  the  probe 
was  ioeerted  till  the  seventh  nerve  was  found  and  then  section  was  made.  Wbeo 
the  seventh  was  touched  there  was  distinct  contraction  of  the  face  muscles. 

As  the  dog  began  to  come  out  of  ether  there  was  noted  (1)  Twitching  of  ibr 
nnulf-  of  thp  mnnt  h  on  f.hp  Ipft  uiiln  tinne  on  the  right.  (2)  The  nictitating  mem- 
middle  line;  right  side  normal.  (3)  Cw- 
ittle  in  the  left  eye.    No  nystagmus  ob- 

g  on  left  side  in  cage.  Had  moved  some 
but  only  a  little.  Made  no  sound  when 
Wagged  tail  when  petted  and  spoken  to. 
>s  possibly  a  slow  horiiontal  nystagmus 
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in  right  eye,  but  it  is  iaconstant  and  more  probably  due  to  voluntary  movements 
of  the  eye.  Right  eye  is  not  deviated  and  right  nictitating  membrane  is  not 
more  prominent  th&n  usual. 

Left  eye  w&b  deviated  outwards  and  the  nictitating  membrane  was  drawn 
Dearly  to  the  median  line  of  the  eye.  No  constant  movement  could  be  made 
out  in  this  eye. 

The  dog  lay  on  his  left  side  with  left  fore  and  hind  legs  extended,  the  fore  leg 
more  extended  than  the  hind.  Head  outstretched  with  nose  on  the  floor.  Right 
fore  foot  usually  drawn  up  and  often  right  hind  foot  also.  When  placed  on  the 
right  side,  the  dog  tried  to  assume  the  erect  position  and  then  rolled  over  on  the 
left  side.  Repeated.  Occasionally  left  fore  foot  was  stretched  out  as  in  decere- 
brate rigidity. 

Right  legs  (fore  and  hind)  were  sometimes  drawn  up  in  inspiration,  and  trem- 
ors might  occur  toward  the  end  of  inspiration.  Tremors  became  much  more 
marked  after  the  dog  had  lain  uncovered  for  awhile,  and  might  persist  through- 
out expiration,  though  with  diminished  intensity. 

The  comer  of  the  mouth  on  the  left  side  did  not  gape. 

November  11,  1909.  Dog  able  to  stand  alone  for  a  little  time  and  to  walk  a 
short  distance,  but  fell  over  to  the  left  side.  Left  hind  foot  was  away  out  to 
the  left  side  in  walking,  and  right  hind  foot  was  nearly  behind  left  front  foot. 

November  IS.  Fell  to  left  side.  Hind  limbs  abducted;  left  eye  deviated  out- 
December  tl.  Dog  demonstrated  before  joint  meeting  of  the  University  of 
Chicago  Biological  Club  and  Chicago  Neurological  Society.  Walked  up  and 
downstairs  without  falling,  and  ran  over  the  slippery  walks  with  ease. 

January  16,  1910.  Brought  down  for  examination.  In  good  flesh.  Playful. 
Tendency  to  fall  to  left  still' present.  Often,  when  dog  did  not  fall  completely 
over,  he  leaned  to  the  left  and  the  right  hind  foot  was  raised  from  the  floor.  The 
left  fore  foot  swung  inward  in  walking,  particularly  when  the  foot  was  lifted  from 
the  floor  at  the  beginning  of  a  step.  In  starting  to  walk,  he  often  turned  to  the 
left  before  getting  started  in  a  straight  line.  When  held  up  by  the  fore  legs  and 
"dropped"  suddenly,  the  left  hind  leg  was  stretched  out  first  and  extended  fur- 
ther out.  The  right  hind  foot  came  down  under  him  better  so  as  to  be  more  effi- 
cient in  breaking  the  fall. 

Perhaps  some  slight  nystagmus  occurred  when  the  eyes  were  directed  to  the 
right,  but  it  was  extremely  slight  and  inconstant.  One  could  not  be  certain  of 
it.  The  eyes  were  more  readily  deviated  to  the  left,  but  no  nystagmus  was 
observable.  The  left  eye  deviated  slightly  outward  when  the  dog  was  looking 
straight  ahead. 

Etherized;  10  per  cent  formaldehyde  in  0.9  per  cent  NaCl  injected  into  caro- 
tid artery.  Head  removed,  brain  and  upper  half  of  spinal  cord  exposed  and 
put  into  10  per  cent  formaldehyde.  There  was  a  slight  abrasion  of  the  surface 
of  the  cerebellum  along  the  path  of  the  probe  and  some  laceration  of  the  floe- 
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IV.   liBSION  OF  TUB  HEDtTLLART-PONTINB  ANGLE  ON  THE  LEFT  SIDI 

Unilateral  rotatory  nystt^mus,  loss  of  locomotor  control,  inability 
to  stand,  loss  of  the  corneal  reflex  on  the  side  of  the  lesion  and  a.  tend- 
ency to  lie  on  the  injured  side  were  observed  in  a  dc%  with  a  leaon  at 
the  tnedullary-pontine  angle,  involving  the  seventh,  but  sparing  the 
ninth  and  twelfth,  cranial  nerves. 

Novemher  tl,  1909.    Fox  terrier.    Male.    Rather  Urge  for  fos-terrier. 

Trephioed  at  base  of  skull  below  occipital  ridge  and  laterally  to  median  line. 
'  Attempted  to  destroy  eighth  cranial  nerve  on  left  aide.  Severe  hemorrhage. 
Cotton  wool  plug  left  in  upper  trephine  hole.  Wound  sewed  up  and  bandaged. 
No  nystagmus  observable  at  first,  but  nystagmus  in  the  left  eye  was  noticed 
about  an  hour  after  the  operation  was  finished.  The  nystagmus  in  the  left  ey« 
was  rotatory,  the  longest  diameter  of  the  ellipse  being  in  the  vertical  plane. 
There  was  no  noticeable  nystagmus  in  the  right  eye  at  this  time.  Given  large 
hypodermic  injection  of  morphine,  as  the  animal  seemed  restless. 

November  tl,  a.m.  Dog  lying  on  left  side.  Apparently  had  not  struggled 
much,  although  a  little  cotton  had  been  rulfbed  from  the  top  of  his  bead  near 
the  anterior  edge  of  the  bandage.  Left  eye  deviated  outward.  Right  eye  look- 
ing straight  ahead.  Good  corneal  reBex  in  right  eye,  but  apparently  none  in  left. 
Did  not  try  to  have  dog  stand  up  as  he  seemed  very  weak. 

November  IS.  Nystagmus  present  in  left  eye.  Conjunctiva  much  injected. 
Eye  washed  out  with  boric  acid  solution. 

November  IB.  Eye  washed  out  again.  Mouth  showing  symptoms  of  gangrene. 
Cornea  covered  with  bluish  white  semi-opaque  membrane.  Lips  on  left  side 
gape  widely.  No  corneal  reBex  in  left  eye.  Plug  taken  out  of  trephine  hole 
near  ainua  under  ether  anaesthesia.  Piece  of  iodoform  gauie  packing  strip 
inserted  in  its  place.    Wound  again  bandaged. 

November  18.  Wound  still  open.  Dog  emaciated.  Would  lie  only  on  left 
side.    Paralysis  of  facial  on  left  side.    Unable  to  stand.    Dog  killed. 

PtMf-morteffl.  Slight  hemorrhage,  extra  dural,  in  cord.  No  hemorrhage  in 
cerebral  region.  Hemorrhage  in  pontine  and  medullary  region.  Found  large 
wound  in  medullary-pontine  angle,  involving  facial  nerve.  Ninth  to  twelfth 
cranial  nerves  not  affected. 
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Preuuinabt 

A  considerable  accumulatitHi  of  evidence  ia  at  hand  proving  the 
melanophores  of  the  lower  vertebrates  to  be  functionally  modified 
smooth  muscle  cells.  The  responses  of  a  variety  of  smooth  muscle 
preparations  to  electrical  stimuli  exhibit  certain  characteristic  pecu- 
liarities. If  the  melanopbore  is  to  be  consigned  to  the  cat^jory  of 
smooth  muscle,  we  should  expect  it  to  show  the  same  peculiarities  in 
its  responses  to  electrical  stimulation.  In  the  absence  of  exact  data 
concerning  the  reactions  of  single  melanophores  to  electrical  stimuli, 
and  in  the  hope  of  confirming  my  previous  conclusions,  I  have  under- 
taken the  experiments  recorded  in  this  paper.  The  results  show  that 
there  is  a  close  agreement  between  the  responses  of  single  melano- 
phores and  of  typical  smooth  muscle  preparations  to  faradic  and  gal- 
vanic stimulation.  The  evidence  furnished  by  these  experiments  thus 
corroborates  and  amplifies  the  previous  conclusion  that  the  melano- 
pbore is  to  be  considered  a  functionally  modified  type  of  smooth  muscle 
cell. 

PREVIOUS    WOBK     UPON    THE     REACTIOHS    OF     THE     MELANOPHORES     TO 
FARADIC   STIUULATION 

All  the  investigators  (Buchholz  (4),  Pouchet  (22),  Lode  (20),  van 
Rynberk  (29),  Mayerhofer  (21),  von  Frisch  (30),  Spaeth  (26) )  who 
have  experimented  with  the  effects  of  electrical  stimulation  in  the  skin 
of  fishes  agree  that  an  inductitm  current  of  sufficient  duration  'and 
intensity  produces  a  contraction  of  the  melanophores.  Such  a  con- 
traction occurs  whether  the  stimulus  is  applied  directly  to  the  surface 
of  the  fish  or  to  an  excised  portion  of  the  skin.    Lode  (I.e.)  first  ob- 
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served  the  contraction  of  the  melanin  granules  under  the  microecope 
in  the  excised  fin  of  medium-sized  trout. 

The  responses  of  amphibian  melanophorcs  to  faradic  stimulation 
have  been  less  constant,  though  much  of  the  conflicting  evidence  ie 
to  be  ascribed  to  incorrect  experimental  premises.  The  earliest 
investigators  (von  Wittich  (31),  Harless  (12),  and  Hering  u.  Hoyer 
(13),  found  that  a  tetaniziog  current  produces  a  tightening  of  the 
skin  of  Rana  esculenta  which  was  reversible,  the  skin  Bubsequently  re- 
suming its  original  dark  color.  Bimmennan  (2),  Et^rnod  et  Robert  (8), 
Winkler  (33),  and  Laurens  (17)  later  made  similar  observations.  lis- 
ter (Id),  Ehrmann  (7)  and  others  observed  no  effect  from  an  induction 
currant.  The  apparent  discrepancy  is  not  surprising  since  both  lister 
and  Ehrmann  considered  the  active  phase  of  the  melanophores  to 
be  the  expansion.  Their  experiments  were  made  upon  li^t  animals 
in  which  the  melanophores  were  already  contracted.  With  a  strong 
tetanizing  current  the  time  required  for  the  contraction  of  the  melano- 
phores in  large  larvae  of  Amblystoma  opacum  Laurens  (I.e.)  found  to 
be  at  least  fifteen  minutes.  Direct  stimulation  of  small  bits  of  excised 
skin  gave  similar  results. 

Faradic  stimulation  hkewise  produces  a  contraction  in  reptilian 
melanophores  as  was  first  shown  by  Bruecke  (3)  in  the  chameleon. 
The  reaction  in  excised  bits  of  skin  is  the  same  as  in  the  intact  animal. 
Both  Bert  (1)  and  Krukenberg  (16)  later  verified  Bniecke's  observa- 
tions. Keller  (15),  on  the  other  hand,  failed  to  observe  any  change 
in  Lacerta  tnridis  after  stimulating  with  strong  alternating  currente. 
In  the  absence  of  any  description  of  the  experimental  procedure  it  is 
impossible  to  judge  the  validity  of  this  single  negative  instance. 

From  the  foregoing  briefly  summarized  experimental  evidence, 
there  seeins  to  be  no  reasonable  room  for  doubt  that  faradic  stimula- 
tion produces  a  contraction  of  the  melanophores  of  lower  vertebiat«s- 
The  exact  nature  of  this  contraction  and  its  relation  to  other  contrac- 
tion phenomena  has  never  been  investigated. 

EFFECTS   OF    FARADIC    STIMULATION    UPON   SMOOTH    MUSCLE 

In  the  resfionse  to  faradic  stimulation  both  the  latent  period  and 
the  time  required  for  a  complete  contraction  may  be  said,  in  general, 
to  be  very  much  greater  in  smooth  than  in  striated  muscle.  The  effec- 
tive liminal  stimulus  is  also  far  greater  for  smooth  muscle.     This  is 
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strikingly  illustrated  by  the  clsssicaJ  experiment  of  Fick,'  who  found 
that  an  induced  current  of  sufficient  strength  to  produce  a  powerful 
tetanus  in  a  frog's  gastrocnemius  or  in  the  hand  of  the  expaiment«r 
could  pass  through  an  adductor  preparation  of  Anodonia,  in  the  same 
circuit,  without  producing  any  sign  of  a  contraction. 

Wide  variations  occur  both  in  latent  period  and  contraction  time 
in  different  types  of  smooth  muscle.  The  following  table,  modified 
from  Gruetzner,  shows  the  range  of  such  variations  in  a  few  examples 
of  vertebrate  smooth  muscle.  The  figures  have  only  an  approximate 
value,  however,  since  in  each  type  of  smooth  muscle  considerable 
additional  variation  occurs  with  a  change  in  the  strength  and  dura- 
tion of  the  stimulus. 


™„..^ 

""7«.Tr"' 

DCUTIOH  OF  »  UHOLI 
in  UCOHM) 

— "■ 

Stomach  muscle  of  frog — 
Retractor    penie    of    dog 

1.5-10 

0,8(M  5 
0  25 

05 

Fr&ctioD       of 
second  to  I 
second 

60-120 

15-20  Contraction 
90  Relaxation 
5-e  Contraction 
35  Relaxation 

5-15 
2-7 

Ranrier 
Sehulti 
GraetBner 
Winkler  and 
others 

Sertoli 

Stevart 

sky 

Engelmann 

EXPBBniBNTAL  FR0CED08E 


In  studying  the  responses  of  the  melanophores  of  FundiUtu  to  fara> 
die  stimulation  the  procedure  was  as  follows.  After  the  fish*  had 
been  washed  several  times  in  tap  water,  distilled  water  and  0.1  n  NaCl, 


'Quoted  from  Gruetmer  (11). 
'  Throughout  these  experiments  8.5  to  10  c 
clituswere  used. 


.  females   of   Fttndidui  helero- 
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or  slightly  modified  Ringer  solution,'  a  few  scales  were  removed  to 
0.1  N  NaCl  or  the  modified  Ringer  solution,  where  they  were  1^  until 
the  melnnophores  were  widely  expanded.  A  single  scale  was  then 
transferred  to  a  shallow  depression  shde  or  a  diffusion  chamber  and 
was  there  held  in  place  by  means  of  a  bit  of  cover  sUp  and  a  touch 
of  Taseline.  The  stimulus  was  appUed  through  non-polahsable  eleo 
trodes  of  the  Zn-ZnSO*  type.  Drawn  out  tufte  of  absorbent  ootton 
or  camel's  hair  brushes  served  aa  contact  points  which  were  brought 
to  lie  on  either  side  of  the  scale,  with  their  tips  3  to  6  mm.  ^lart.  Tbe 
most  satisfactory  results  were  obtained  when  the  scale  was  covered 
by  a  piece  of  supported  cover  slip  only  slightly  larger  than  the  scale 
itself.  The  supports  preveoted  mechanical  stimulation  by  contact 
with  the  cover  slip  and  the  small  size  of  the  latter  eliminated  the  pos- 
sibility of  an  asphyxiation  error  due  to  an  inadequate  supply  of  oi^gen. 
In  many  of  the  earlier  experiments  the  scale  was  held  in  place  and 
stimulated  by  means  of  a  small,  movable,  two-pronged  fork  of  flatteaed 
platinum  wires.  The  effects  of  the  polar  products  of  electrolysis 
were  lai^y  eUminated  by  a  strong  current  of  NaCI  or  modified  Ringer 
solution  which  maintained  the  C„,  far  below  a  stimulating  fniniiniini. 
A  series  of  preliminary  trials  showed  that  a  record  of  the  movements 
of  the  pigment  granules  in  a  single,  unbranching  process  (^  a  melano- 
phore  gave  a  fair  picture  of  the  contraction  in  the  entire  cell.  AH  the 
graphs  in  the  following  pages  represent  the  rate  of  movement  of  the 
meet  distal  melanin  granules  in  a  single  process  of  a  single  melano* 
phore.  Records  of  a  series  of  responses  in  a  sin^e  cell  were  always 
made  by  measuring  the  pigment  migration  in  the  some  process. 

RESPONSES  OF  THE   UELANOPHORE   TO   FARADIC   8TlinTI.ATION 

Owing  to  the  fact  that  the  method  of  stimulation  involves  the  pas- 
sage of  a  considerable  portion  of  the  current  through  the  mounting 
medium,  it  has  proven  impossible,  up  to  the  present  time,  to  obtain 
a  complete  contraction  of  a  melanophore  as  the  result  of  a  single  make 
or  break  shock.  It  must,  therefore,  be  borne  in  mind  that  the  "single 
contractions"  seen  in  the  following  curves  are  the  result  of  a  summation 
of  make  and  break  shocks. 

A  study  of  the  responses  of  single  melanophores  to  t«tanising  cur- 
rents of  moderate  intensity  (fig.  1)  brings  out  the  following  facts: 

)  Thia  modified  Ringer  wu  made  up  of  20  vole.  0.1  n  NaCl  +  1  vot.  O.I  ■ 
CftCl,  +  1to1.0.1nKCI. 
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1.  The  time  required  for  a  complete  coQtractioti  and  relaxation  of 
the  melanin  granules  in  a  process  0.1  mm.  long  is  about  of  the  order 
90  to  120  secoods.  This  estimate  is  necessarily  approximate  since 
considerable  variation  occuib  at  the  end  of  the  relaxation  phase. 

2.  The  duration  of  the  contraction  phase  is  25  to  30  seconds.  Relaxa- 
tion therefore  requires  from  two  to  three  times  as  long  as  confjsction. 
The  time  relations  (or  the  contraction  and  relaxation  in  a  single  melano- 
I^ore  are  thus  approximately  of  the  ordw  seen  in  the  case  of  a  prepara- 
tion of  frog's  stomach. 


Pio.  1.  Curve  showing  the  reaponje  of  a  single  mel&nophore  to  r  brief  tetan- 
iung  Btimulua.  The  cell  was  removed  to  modified  Ringer  solution  two  hours 
and  twenty  minutes  before  stimulation  began.  The  stimuluB  lasted  nine  sec- 
onds. After  a  latent  period  of  3  to  4  seconds  the  contraction  began  and  lasted 
21  seconds.  The  recovery  was  incomplete  after  85  seconds.  Upper  line,  time 
in  seconds;  middle  line,  stimulation  period;  lower  line,  time  in  minutes.  T  — 
ca.  22°C.  The  steps  in  the  rising  phase  of  the  curve  are  due  to  the  method  of 
recording  the  pigment  migration. 

3.  The  steps  and  other  irregularities  which  frequently  appear  in 
the  curves  are  due  to  the  peculiarities  of  the  pigment  migration.  This 
migration  is  rarely  a  perfectly  smooth  flowing  of  melanin  granules 
The  pigment  frequently  becomes  momentarily  blocked  or  jammed 
in  th^  cell  process  forming  a  minute,  opaque  mass,  from  the  proximal 
side  of  which  single  melanin  granules,  or  groups  and  lines  of  granules, 
may  be  seen  prc^ressing  toward  the  center  of  the  cell.     Such  blocks 
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usuaUy  last  from  one  to  several  seconds,  though  in  extrone  cases 
careful  focussiag  will  reveal  several  thin  lines  of  pigment  graaulH 
moving  towards  the  center  of  the  cell  from  one  or  more  outlying  blocks 
after  the  contraction  is  apparently  completed.  This  pheDomenon  ii 
especially  likely  to  occur  when  the  melanophores  have  been  removal 
from  the  fish  for  several  hours. 

THE   ORiaiN   OF  THE   CONTttACTION   WAVE   AND   THE   LATENT   PBBIOD 

The  study  of  a  large  number  of  contraction  curves  has  shown  that 
in  the  response  to  a  tetanizing  current  of  moderate  strength  at  nxun 
temperature  there  appears  a  characteristic  latent  peri<;  i  of  4  to  6 
seconds.  Other  observers  have  recorded  somewhat  longeirlatentperiotiB 
in  several  species  of  fish.  Thus  Lode  (l.c.)  found  in  '  e  case  of  the 
trout  that  the  contraction  followed  }  to  1  minute  after  stimulating, 
whereas  Mayerhofer  (\.c.)  noted  a  somewhat  briefer  latent  period  tat 
Esox,  20  to  30  seconds,  depending  upon  the  strei^th  of  the  currmt. 
In  Crenilabnu  paw  von  Frisch  (l.c.)  found  a  distinct  reaction  in  the 
melanophores  5  seconds  after  stimulating.  It  is  significant  that  the 
latent  period  is  in  every  case  a  long  one,  such  as  we  might  expect  to 
find  in  a  relatively  sluggish  tissue,  like  the  smooth  muscle  of  the  frog's 
stomach. 

By  the  latent  period  is  meant  the  time  that  elapees  between  ike 
application  of  the  stimulus  and  the  first  sign  of  a  contraction  of  pigment 
granules  at  the  distal  end  of  the  process  under  otservation.  The  above 
time  relations  apply  only  in  the  case  of  the  distal  pigment  grwules. 
The  latent  period  for  melanin  granules  lying  near  the  proximal  ends  o( 
the  cell  processes  is  less  than  half  as  great  as  for  the  distal  granules. 
In  other  words  the  contraction  wave  begins  at  the  center  of  the  cell 
and  spreads  peripherally.  The  consistent  difference  in  latent  penod 
at  distal  and  proximal  ends  of  the  same  processes  in  one  melanopbore 
is  shown  in  the  table  below.  The  times  were  recorded  on  two  stop 
watches,  and  different  processes  were  selected  in  order  to  give  the  ob- 
servations a  random  value. 

Ex.  Sp.  lft-41.    T.-  WC.    March  31.  Ifllfl. 

9.00  a.m.    Sctdes  from  a  10  cm.  femble  to  modified  Ringer. 

9.V>  o.m.  StimulatioD  began;  3  storage  cells  in  series ;  secondary  of  Harvara 
inductorium  at  6  cms.,  non-polariiable  electrodes.  Each  Btimulua  lasted  S  ^ 
10  seconds.  Between  stimuli  the  cell  was  permitted  to  reexpaud  fully-  Coo' 
a  began  after  the  following  time  intervals  in  seconds: 
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Average 2.0  Average 5.4 

The  avera^  distance  between  the  pronmal  and  distal  points  in 
the  processes  i  which  the  tnigration  fiist  appeared  was  about  0.075  mm. 
The  difference  tween  the  average  times  for  the  beginning  of  the  con- 
traction at  the  center  and  the  periphery  of  the  cell — i,e.,  5.4—2.0  =  3.4  — 
gives  a  value  for  the  time  required  for  the  contraction  wave  to  traverse 
a  distance  of  0.075  mm.  A  simple  calculation  shows  that  the  speed 
of  propagation  of  the  contraction  wave  within  the  melanophore,  under 
the  above  experimental  conditions,  is  therefore  only  22  m  per  second, 
or  7.9  cm.  per  hour.  This  extremely  slow  rate  seems  to  leave  little 
room  for  doubt  that  we  are  here  dealing  with  a  passage  of  the  stimulus 
through  the  substance  of  the  melanophore  and  not  along  a  broken 
branch  of  sympathetic  nerve  fiber.  The  origin  of  the  contraction 
wave  at  the  center  of  the  cell  suggests  the  possibihty  of  the  transmis- 
sion of  the  tetanizing  stimulus  to  the  cell  through  a  broken  nerve  fiber. 
The  stimulus  having  reached  the  center  of  the  cell,  however,  its  fur^ 
ther  propagation  appears  to  be  independent  of  finer  nerve  fibrillae. 

In  the  response  to  a  tetanieing  current  of  moderate  strength,  the 
peak  of  the  contraction  curve  appears  distinctly  pointed,  never  rounded 
as  in  typical  contraction  curves  of  smooth  and  of  striated  muscle. 
An  examination  of  the  behavior  of  the  melanin  granules  in  a  single 
process  of  the  stimulated  melanophore  shows  that  near  the  end  of 
the  contraction  phase  a  relaxation  wave  frequently  originates  at  the 
center  of  the  melanophore  before  the  most  distal  of  the  pigment  gran- 
ules have  completed  their  centripedal  migration.  At  the  proximal 
end  of  a  process  there  thus  appears  a  slowly  travelling,  distally  moving 
wave  of  relaxation,  which  gradually  encroaches  upon  and  carries  with 
it  the  proximally  moving  melanin  granules.  The  sharp  peak  of  the 
recorded  contraction  marks  the  point  at  which  the  relaxation  wave 
has  enveloped  the  last  of  the  contracting  pigment  granules.     In  the 
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melanophore  we  thus  find  that  the  relaxation  phase  may  be  initiated 
before  the  completion  of  the  contraction.  Thus  it  appears  that  both 
contraction  and  relaxation  originate  at  the  center  of  the  cell,  though 
why  this  should  be  so  is  not  at  present  evident.  There  may  exist  a 
correlation  of  some  sort  between  this  central  origin  of  contracUon  and 
relaxation  waves  and  the  centripedal  direction  invariably  taken  upon 
stimulation  by^the  pigment  granules. 
By  comparing  in  a  number  of  cuhres  the  time  required  for  a  com- 


Fio.  3.  Curve  of  incieuing  responae  with  an  increaM  in  the  Btrength  of  atim- 
ulue.  The  figures  represent  the  distuice  in  centimeten  of  MConcUr?  from  pri- 
ntary.  Stimulation  began  two  hours  and  nine  minntea  after  ramoviog  the  cell 
from  the  fish.    Time  in  minutes. 

plete  contraction  and  the  actual  distance  traversed  by  the  migrating 
pigment  granules,  it  appears  that  the  speed  of  the  moving  melanin 
granules  is  about  3  ^  per  second  or  1.08  cm.  per  hour.  This  is  ap- 
proximately one-eighth  as  fast  as  the  propagation  of  the  contraction 
wave  (7.9  cm.  per  how). 

THE    EFTECT  OF   INCBCAStNO   THE   STBENaTH   OF  THE    BTUfULTJS 

Figures  2  and  3  show  the  effect  of  increasing  the  strength  of  the 
stimulating  current  by  shortening  the  distance  of  the  secondary  from 
the  primary  coO.    In  figure  2  are  shown  three  curves  representing  con- 
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aecutive  contractions  in  the  same  cell  with  the  secoodary  at  7,  5  and 
3  cm.,  respectively,  from  the  primary.  The  stimulus  lasted  two  seconds. 
The  latent  period  becomes  pn^ressively  shorter,  falling  from  8  to  9 
seconds  to  3  to  4  seconds  and  finally  to  2  to  3  seconds.  At  the  same 
time  the  speed  and  extent  of  the  pigment  contraction  iacreaseB  to  tbe 
maximum  shown  in  the  third  curve.  Similar  conditions  obtain  when 
a  weaker  stimulus  is  used. 

Figure  3  shows  tbe  successive  rteponses  of  the  same  cell  to  tetaoisng 
currents  of  gradually  increasing  intensity.  Owing  to  tbe  slow  rate  of 
the  drum  the  differences  in  the  latent  period  are  obscured,  but  the 
increased  height  of  the  contraction  with  the  increase  of  the  stimulus 
is  very  definite.  These  curves  are  strikingly  similar  to  the  series  ob- 
tained by  Stewart  (p.  192,  fig.  6,  loc.  cit.)  upon  increasing  the  stimulus 
in  a  preparation  of  cat's  bladder. 

SUMIUTION  OF  CONTBACTIONB  AND  TBTANUS 

Whereas  it  has  thus  far  proven  impossible  to  obtain  a  complete 
contraction  in  a  melanophore  by  a  single  make  or  break  shock,  by  tbe 
proper  spacing  of  a  series  of  single  break  shocks*  whicbare  individually 
almost  or  entirely  ineffective,  it  is  possible  to  obtain  a  typical  tetanus 
curve. 

Sertoli  (25)  found  that  a  single  induction  shock  was  ineCfective  ae 
a  stimulus  for  the  erector  penis  muscle.  Stewart  (I.e.)  obtained  a 
complete  fusion  of  the  responses  to  moderate  break  induction  currents 
in  the  cat's  bladder  when  the  interval  between  the  successive  stimuli 
was  reduced  to  one  second. 

The  summation  record  for  the  melanophore  (fig.  4)  shows  that  with 
a  shortening  of  the  interval  between  stimuh,  sunomation  appears  and 
becomes  increasingly  pronounced  until,  with  an  interval  of  2  to  3 
seconds,  complete  fusion  occurs.  Except  for  the  time  relations,  Uus 
curve  is  precisely  like  the  tetanus  curve  obtained  from  smooth  and 
striated  muscle  preparations. 

<  All  the  experiments  in  thia  aeries  were  carried  out  with  the  help  of  a  modi- 
5ed  M&rtio  key.  At  the  euggeation  of  Profesaor  E.  G.  Martin  the  currant «» 
made  and  broken  by  mestis  of  a  platinum  needle  dipping  in  a  vial  of  elean  nm- 
cury  covered  with  alcohol.  The  contact  spark  was  reduced  to  a  minimuin  hj 
iDflerting  a  small  telephone  condenser  of  1  microfarad  capacity  acroaa  the  pri- 
mary terminaU. 
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No  refractory  period  has  been  observed  in  the  melanophore,  a  etunu- 
lus  being  effective  in  every  phase,  both  of  the  contraction  and  relaxa- 
tioD.  Stewart  (l.c.)  has  observed  a  similar  absence  of  a  refractory 
period  in  preparations  of  cat's  .bladder. 


Fia.  4.  Development  of  tetanus  in  a  single  melanophore.  Powerful  break 
induction  ehocks  were  applied  at  intervals  of  15,  10,  8.  5,  3,  and  2  seconds  respec- 
tively. Stimulation  began  one  hour  and  twenty-aeven  minutes  after  the  removal 
of  the  cell  from  the  fiah.     Time  in  seconds. 

PRBVIOUB   WORK   ON   THE    EFFECTS   OF   A   CONSTANT  CURRENT    UPON 
THE   MELANOPHORES 

Experiments  with  the  effects  of  a  constant  current  upon  melano- 
phores  are  few  in  number  and  unsatisfactory  in  results.  Lister  (19) 
found  that  the  melanophoree  of  Rana  lemporaria  failed  to  respond  to 
galvanic  stimulation.  He  believed  that  the  absence  of  response  in  his 
experiments  was  only  apparent  and  that,  in  reality,  the  chromato- 
phores  were  paralyzed  in  the  condition  they  happened  to  be  in  at  the 
time  of  stimulation,  thus  eliminating  the  possibihty  either  of  a  con- 
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traction  or  of  an  expansion.  Hermann  (14)  could  detect  no  color 
changes  in  trog  larvae  following  galvanic  stimulation.  More  recentlif 
Winkler  (33)  studied  the  effect  of  a  galvanic  current  upon  the  mel- 
anophores  of  Hyla.  A  small  piece  of  skin  was  transferred  from  tb« 
back  of  the  animal  to  physiological  salt  solution  and  was  then  sub- 
jected to  galvanic  stimulation  under  the  microscope.  Under  these 
circumstances  Winkler  observed  an  expansion  of  the  melaoophores 
— "schwaree  Faeden"  appearing  from  the  deeper  portions  of  the  {vep- 
aration.    As  to  the  reversibiUty  of  this  process  he  states  (p.  257): 

Beim  Aufhoeren  des  galvsniBchen  Reises  verachwinden  di«  Faeden ;  em  ist  aber 
dabei  nicht  lu  entacheiden,  ob  diesea  Verachwinden  durch  ein  Zurueckiiebeo 
der  Fortaaette  oder  durch  ein  Fortwandern  des  pigments  erfolge. 

Presumably  the  finer  details  of  a  pigment  miration  were  not  visible 
in  Winkler's  preparation. 

The  relaxation  of  amphibian  melanophores  in  isolated  bits  of  skfti 
observed  both  by  Winkler  (I.e.)  and  Laurens  (17)  following  galvanic 
stimulation  is  probably  to  be  interpreted  as  the  effect  of  OH  ions 
hberated  at  the  cathode.  Laurens  (l.c.)  has  recorded  an  expaasioii 
both  in  whole  larvae  and  in  small,  excised  pieces  of  skin  of  Amilgtloma 
opacum  when  stimulated  by  a  constant  current  through  platinum 
electrodes. 

He  says  (p.  611): 

When  bits  of  iaolated  skin  with  contracted  melanophorea  are  thua  atimidated 
on  a  glass  slide  with  a  current  of  from  3  to  4  m.a.,  and  for  about  five  minnlea,  the 
melanopboreB  all  expand.  All  attempts  to  demonstrate  a  greater  effect  of  one 
pole  in  these  expansion  effects  resulted  negatively.  ...  In  two  eassa  out 
of  ten  experimenta  with  bits  of  isolated  skin  it  waa  thought  that  the  eijwiMiiH 
at  the  cathode  began  earlier  and  was  more  extensive  than  at  the  anode,  but  tltii 
is  not  sufficient  evidence  for  ascribing  to  that  pole  a  greater  effect. 

From  previous  experiments  with  a  variety  of  physiological  stiinuli 
(Spaeth,  26)  I  have  been  led  to  believe  that  the  contracted  phase  of 
the  melanophore  is  that  of  stimulation.  It  seemed  strange,  therefore, 
that  a  constant  current  should  produce  a  relaxation  in  amphibian  mel- 
anophores. Beheving  the  polarizable  electrodes  of  Laurens  and  Wnk- 
ler*  to  be  a  possible  source  of  error  in  their  experiments,  I  first  made  a 
number  of  preliminary  trials  with  Fundtdus  melanophores  using  a 

*  Presumably  Winkler  used  polariiable  electrodes  since  he  makes  no  statem»i 
to  the  contrary. 
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ooDstaat  current  delivered  through  platinum  electrodes.     Scales  im- 
meised  in  0.1  n  KCl  were  subjected  to  galvanic  stimulation  from  one, 
two  and  three  2-volt  storage  cells.     The  Gist  experiment  showed  that, 
under  these  experimental  conditions,  a  relaxation  of  the  melanophoree 
begins  immediately.     In  subsequent  experiments  a  drop  of  neutral 
red  added  to  the  KCI  solution  showed,  furthennore,  that  the  expansion 
invariably  begins  at  the  cathode.    Under  the  low  power  of  the  micro- 
scope it  was  a  simple  matter  to  observe  the  color  change  of  the  neutral 
red  at  the  cathode.    The  yellow  area  of  alkalescence  gradually  dif-< 
fused  toward  the  anode  and  a  short  distance 
behind  the  peripheiy  of  the  yellow  semicircle 
the  melanophoree  could   be  seen   to  be  ex- 
panding.    By   the  time  the  alkaline  r^on 
had  extended  to  the  anode  all  the  melano- 
phoree were  either  fully  expanded  or  showed 
a  distinct  beginning  of  an  expansion.    When 
a  scale  was  transferred  from  the  now  alka- 
line KCl  solution   to  neutral  KCl  all  the 
melanophores  on  the  side  of  the  scale  to- 
wards   the    anode    contracted    completely. 
Thus  in  the  region  where   the  exposure  to 
OB  ions  had  been  shortest  and  where  the 
hydroxyl    concentration  was  at  a  minimum 
the  relaxation  was  reversible.    All  the  melan- 
ophores in  the  region  of  the  cathode,  how- 
ever,   remained  expanded   and    soon    disin- 
t^jated    (fig.    5).     Fifteen    minutes    after 
having  been  returned  to  neutral   KCl  the 
scale  appeared  half  dark  and  half  light. 

From  this  first  set  of  preliminary  experi- 
ments it  seemed  that  when  the  melanophores  are  stimulated  with  a  gal- 
vanic current,  using  platinum  electrodes,  the  relaxation  that  appeare  is 
due,  not  to  the  electrical  stimulus,  but  to  the  effect  of  OH  ions  hberated 
at  the  cathode.  The  following  experiments  supported  this  conclusion. 
Two  depression  shdes  were  placed  side  by  aide,  filled  with  i  cc.  0.1  n  KCl 
and  cotmected  by  a  narrow  bridge  of  filter  paper,  supported  by  a  cover 
glass  set  on  edge  between  the  shdes.  A  scale  with  contracted  melano- 
phores was  now  placed  in  each  chamber.  After  adding  a  small  drop  of 
aqueous  neutral  red  solution  to  the  KCI  solution  in  each  chamber,  a 
platiniun  electrode  was  brought  into  contact  with  the  bony  portion  of 


Pig.  5.  Median  por- 
tioQ  of  a  acftie  showiog 
the  effect  of  ■timuUtins 
with  a  coDBtuit  cuirent 
through  pUtinum  elec- 
trodes placed  on  either 
aide  of  the  scale.  The 
melanophoreB  towards 
the  cathode  are  expanded 
by  the  action  of  the  lib- 
erated OH  iona.         * 
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each  scale.  A  constant  current  (three  storage  cells)  was  now  paaaed  for 
five  minutes  from  one  scale  over  the  moist  filter  paper  bridge  to  the  other. 
The  diffusion  from  the  cathode  to  the  anode  was  largely  prevented  by 
the  filter  paper  bridge.  In  about  two  minutes  all  the  melanophores  of 
the  scale  in  the  cathode  chamber  were  fully  relaxed,  while  those  in 
the  anode  chamber  remained  contracted.  The  neutral  red  solution 
had  meanwhile  turned  yellow  at  the  cathode  and  was  becoming  color* 
lees  at  the  anode  on  account  of  the  bleaching  effect  of  the  liberated 
CIt  or  Oi.  At  the  close  of  the  experiment,  the  scales  and  the  electrodes 
were  removed  and,  without  disturbing  the  solutions  in  the  two  depres- 
sion slides,  a  fresh  scale  with  contracted  melanophores  was  brought 
into  each  chamber.    Fifteen  minutes  later,  no  current  having  passed 


Fig.  6  Fig.  7 

Fig.  6.  Anodal  products  of  electrolysia  of  KCl  solution  give  no  relaxatioo. 
See  text  for  details. 

Fig.  7.  HydToxyl  ions  produced  at  the  cathode  cause  relaxation  of  melano- 
phoree  in  KCl.    See  text  for  details. 

meanwhile  between  the  chambers,  all  the  melanophores  of  the  scale 
in  what  had  previously  been  the  cathode  chamber  were  completely 
expanded  while  those  of  the  scale  in  the  anode  chamber  remained 
contracted.  The  two  scales  were  thereupon  fixed  in  absolute  alcohol. 
They  are  shown  in  figures  6  and  7. 

From  these  two  experiments  it  is  evident  that  the  expansion  of 
melanophores  which  is  initiated  at  the  cathode  upon  stimulation  with 
a  galvanic  current  and  polarizable,  platinum  electrodes  is  effected  by 
the  OH  ions  and  not  by  the  passage  of  the  constant  current  throu^ 
the  cells.  Finally,  experiments  were  carried  out  with  solutions  of  KOH 
in  0.1  N  KCl  which  showed  that,  beyond  a  definite  OH  concentration, 
a  relaxation  of  the  melanophores  invariably  occurs. 
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THE   EPPBCT  OF  THE   CONSTANT  CIJHBBNT  ON   SMOOTH    UUSCLB 

Practically  all  experimenters*  on  smooth  muscle  preparatioDS  agree 
tliat  both  the  make  and  the  break  of  the  coastaot  current  act  as  stimuli 
and  produce  contractions.  The  make  contraction  is  larger  than  the 
break.  Stewart  (I.e.)  has  shown  conclusively  that  in  the  cat's  bladder 
the  fUrw  of  the  current  also  acts  as  a  contracting  stimulus.  In  his 
experiments  the  current  (about  3  m.a.)  was  made,  allowed  to  flow  for 
a  few  seconds,  and  then  broken.  The  result  was  a  strong  make  con- 
traction succeeded  by  a  period  of  very  slow,  imperfect  relaxation,  the 
true  relaxation  occurring  only  after  the  break  contraction.  That  the 
tonic  elevation  was  actuaUy  due  to  the  flow  of  the  current  was  shown 
by  making  the  current  in  the  same  way  but  shutting  it  o£F  by  means 
of  a  rheonome.  In  this  way  the  influence  both  of  flow  and  of  break 
was  eliminated.  The  curve  showed  a  strong  make  contractioa  fol- 
lowed by  a  complete  relaxation. 

In  spite  of  Stewart's  proof  to  the  contrary  the  impression  continues 
to  exist  that  smooth  and  striated  muscle  are  alike  in  their  response  to 
the  constant  current.    Thus  du  Bois  Reymond  (5)  states  (p.  554) : 

Bei  der  Reixung  mit  dem  konstanten  Strom  gilt  lunaechst  wie  bein  gestreif- 
ten  MuBkel,  daas  nur  Schliessung  und  Oeffnung,  jede  tXn  ein  einieluer  Reii, 
virkflam  sind,  waehreod  die  Durchstroemung  an  sich  keioen  Reis  bildet. 

In  the  case  of  the  melanophores  of  FuTidiUus  no  response  has  as 
yet  been  observed  to  the  breaking  of  the  constant  current,  but  both 
make  and  flow  cause  a  contraction,  as  was  the  case  in  Stewart's  experi- 
ments on  the  cat's  bladder. 

I  have  recently  carried  out  a  series  of  experiments  upon  the  melano- 
phores of  FundtUus  using  non-polarizable  electrodes  of  the  Zn-ZnSOi 
type.  Stimulation  was  effected  by  means  of  fine  camel's  hair  brushes 
set  in  plaster  caps  covering  the  ends  of  the  heavy  glass  tubes  contain- 
ing the  concentrated  solution  of  zinc  sulphate.  The  plaster  caps 
were  made  up  fresh  for  every  experiment  or  short  series  and  in  no 
case  were  the  electrodes  used  longer  than  two  hours  at  a  time.  The 
plaster  was  mixed  with  0.1  n  NaCI  solution  and,  after  setting,  both 
electrode  caps  were  saturated  with  0.1  n  NaCl.  As  an  additional 
precaution  the  NaCl  from  the  diffusion  chamber,  in  which  an  experi- 
ment had  been  carried  out,  was  tested  for  SO*.     The  non-polarizable 

*  Gruetiner  (1.  c.)  gives  an  extended  review  of  the  older  papers  oa  this  Bub- 
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ekctrodes  were  most  conveniently  manipulated  by  having  their  ad- 
justable uprights  mounted  on  a  sheet  of  glasB  (figure  3  of  the  previouB 
paper  in  this  number  of  this  Jocknal.;  A  depreasion  dide  or  thaBom 
diffusion  slide  containing  about  0.5  cc.  0.1  n  XaCI  and  a  scale  with 
expanded  melanophores  was  brought  below  the  objective  on  the  rimt 
of  glaas  on  the  stage  of  the  microscope.  The  electrodes  woe  thai 
swung  into  position  and  the  final  adjustment  of  the  sin^e  meiaiKqibcR 
to  be  studied  was  accomplished  by  moving  the  sheet  of  ^aas  carrying 
both  the  electrodes  and  the  diffusion  chamber.     "Hie  direct  « 


Fia.  8.  Effect  of  a  weak  conataat  curreat  through  uon-^MlArisable  electrodes. 
Stimulation  began  45  minutea  after  removing  the  cell  from  the  Gah  to  O.I  N  N«CI. 
Time  in  seconds.    T  -  2I.3*C.    Detailed  explanation  in  text. 

of  the  city  circuit  was  reduced  by  means  of  a  long  tube  containing  oae 
movable  and  one  fixed  copper  electrode  and  a  dilute  solution  of  cop- 
per sulphate.  The  strength  of  the  current  was  varied  by  sliding  the 
movable  electrode  back  and  forth  in  the  tube.  The  actual  current 
that  stimulated  the  single  cell  could  not  be  accurately  measured  since 
the  electrodes  simply  dipped  into  the  solution  containing  the  melano- 
phores. 

The  responses  of  the  melanophores  to  a  constant  current  of  medium 
strength  show  a  strAung  correspondence  to  the  reactions  of  smooth 
muscle  preparations  under  similar  experimental  conditions  (fig.  8). 

There  is  a  sharp  rise  at  the  make  after  a  very  brief  latent  period 
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(<2  seconds)  followed  by  a  gradual  and  partial  falling  off  of  the  con- 
traction, giving  a  diaracteiistic  plateau.  Stewart  (fig.  9,  p.  196,  I.e.) 
recorded  precisely  this  type  of  curve  for  the  response  of  the  cat's 
bladder.  He  noted  further  a  distinct  response  in  the  bladder  prepara- 
tion when  the  constant  current  was  broken,  which  I  have  never  ob- 
served in  the  melanophore.  There  is,  however,  a  latent  period  of 
about  10  seconds  before  the  relaxation  begins  which  may  represent  a 
suppressed  influence  of  the  break  shock. 


Flo.  9.  Curve  sfaawing  the  response  of  b  melaDophore  to  a  strong  coostaDt 
current  through  Don-polKriiable  electrodes.  A  complete  contraction  occurs 
which  continues  during  the  Jlmo  of  the  current. 

The  second  part  of  figure  8  represents  the  effect  of  the  flow  of  the 
constant  current.  A  stimulus  of  medium  strength  was  sent  into  the 
preparation  and,  after  the  plateau  had  appeared  (at  the  fourth  signal), 
the  current  was  gradually  increased  by  means  of  the  sUding  electrode 
of  the  copper  sulphate  rheonome.  In  this  case  there  was  no  additional 
make  stimulus,  yet  the  melanophore  contracted  completely  and  re- 
mained contracted  diuing  the  flow  of  the  stronger  current.  At  the 
fifth  signal  the  current  was  broken  and  a  gradual  expansion  of  the 
pigment  followed. 

When  the  stimulus  is  sufficiently  strong  the  melanophore  contracts 
completely  and  remains  contracted  until  the  breaking  of  the  current. 
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Thid  coDditioD  is  illustrated  in  6guTe  9,  which  shows  the  effect  <^  a  stnog 
constant  current.  Ilie  latent  period  is  again  very  short  (<2  seconds) 
and  the  contraction  persists  during  the  Sow  of  the  current,  as  is  shown 
by  the  flat  top  of  the  curve.  In  this  case  the  contraction  reiwesents 
the  response  to  a  combination  <^  make  and  flow  stimuli. 

DIBCOSSION   OF  B£8tILTB 

The  striking  correspondence  between  the  curves  recorded  here  and 
the  contraction  curves  of  a  variety  of  smooth  muscles  would  not  in  it- 
self be  significant.  The  peeudopodia  of  an  amoeba  or  a  belioioao 
might  exhibit  contraction  phenomena  of  the  same  general  order.  How- 
ever when  this  correspondence  ia  considered  in  conjunctioD  with  other 
morpholc^cal  and  physiological  characters  of  the  melaaophore  such, 
for  example,  as  the  sympathetic  innervation,  the  sensitivity  to  adrena- 
lin and  certain  other  drugs,  the  power  of  rhythmic  pulsation,  the 
ability  to  maintain  a  condition  of  increased  tonus  for  protracted  periods,' 
*etc.,  we  are  justified  in  attaching  greater  significance  to  the  similarify. 

In  view  of  a  considerable  amount  of  verbal  criticism  r^arding  the 
earlier  contention  that  the  melanophore  is  to  be  considered  a  func- 
tionally modified  smooth  muscle  cell  it  may  be  well  to  include  here  > 
brief  statement  of  the  author's  position. 

We  apply  the  term  "smooth  muscle"  to  a  variety  of  tissues  which 
correspond  to  a  number  of  empirically  selected  morpholf^cal  and 
physiological  characteristics.  Investigation  has  ritown  that  the  melan- 
ophore coofonns  to  ali  the  criteria  by  which  we  recognise  smooth  mus- 
cle. Since  the  empirical  criteria  that  establish  the  category  of  smooth 
muscle  and  the  universal  characteristics  of  smooth  muscle  are  identical, 
it  follows  that  the  melanophore  exhibits  all  the  characteristics  of  smooth 
muscle.  Hence  it  seems  lineal  to  speak  of  the  melanophore  as  a  type 
of  smooth  muscle  cell.  The  insistence  upon  the  nomenclature  is 
significant  in  so  far  as  further  study  of  the  mdanophore  may  throw 
light  upon  certain  obscure  phases  of  the  problem  of  muscle  contractton. 

SUHUABT   or   RESULTS 

I.  Tbe  melanophores  of  Funduiut  heUroditut  fail  to  contract  eoto- 
pletely  when  stimulated  by  a  single  make  or  break  induetioo  shock. 

'  The  meUnophorps  in  a  livinK  Ssh  will  appuvntly  remuD  li^t  owr  a  li^t 
bottom  indefinitely.  I  have  kept  Fundtilm  in  a  whit«  aqturium  for  aennl 
months  and  bav?  obaervird  no  t«ndeney  to  turn  dark  during  Uui  period. 
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2.  A  tetanizing  curretit  of  moderate  intensity  produces  a  complete 
contraction  in  which  the  rising  phase  lasts  25  to  30  seconds  and  the 
relaxation  65  to  90  seconds.  Contraction  and  relaxation  are  com* 
pleted  in  90  to  120  seconds. 

3.  The  form  of  the  contraction  curve  is  never  smooth  as  in  a  curve 
of  typical  muscular  contraction  for  the  pigment  granules  exhibit  a 
certain  amount  of  irregularity  and  blocking  in  their  migration  within 
the  cell  processes. 

4.  The  contraction  wave  originates  at  the  center  of  the  cell  and  passes 
to  the  periphery  at  the  rate  of  about  22  fi  per  second. 

5.  The  most  rapid  pigment  migration  thus  far  observed  in  response 
te  electrical  stimulation  is  3  ^  pei*  second. 

6.  With  a-  moderate  tetanizing  current  there  appears  a  latent  period 
of  about  5  seconds  at  the  distal  ends  of  the  cell  processes  whereas  nearer 
the  proximal  ends  of  the  processes  the  latent  period  is  only  about  2 
seconds. 

7.  With  an  increase  in  the  strength  of  the  stimulus  there  appears 
a  progressive  shortening  of  the  latent  period  and  an  increase  up  to  a 
maximum  in  the  height  of  the  contraction. 

S.  By  the  proper  spacing  of  single  break  shocks  which  are  individ- 
ually almost  or  entirely  ineffective  as  contracting  stimuli,  there  appears 
a  summation  of  stimuli.  Eventually,  with  an  interval  of  2  to  3  seconds, 
complete  fusion  occurs,  giving  a  typical  tetanus  curve. 

9.  The  relaxation  of  the  melanophores  observed  by  previous  investi- 
gators upon  stimulation  with  a  constant  current  and  polarisable  elec- 
trodes is  probably  brought  about  by  the  hydroxy!  ions  liberated  at  the 
cathode  and  is  not  the  result  of  galvanic  stimulation. 

10.  By  using  non-polarizable  electrodes  it  appears  that  both  the 
make  and  the  flow  of  the  constant  current  act  as  contracting  stimuli. 
No  response  to  the  breaking  of  the  constant  current  has  thus  far  been 
observed. 

11.  In  its  responses  to  electrical  stimulation  the  melanophore  shows 
all  the  characteristics  of  smooth  muscle.  The  experiments  recorded 
in  this  paper  thus  corroborate  and  amplify  the  author's  former  conclu- 
sion that  the  melanophore  is  to  be  considered  a  functionally  modified 
type  of  smooth  muscle  cell. 
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In  a  previous  paper*  I  have  figured  a  curve  ehowing  the  rhythmic 
pulsations  of  a  single  melasophore  of  Fundidu»  following  a  ten  minute 
inunersioa  in  a  0.1  n  solution  of  BaCli-  This  curve  was  obtained  by 
measuring,  with  an  ocular  micrometer  scale,  the  greatest  diameter  of 
a  melanophore  in  the  course  of  an  hour,  at  intervals  of  from  ten  to 
thirty  seconds.  These  empirical  diameters  were  plotted  against  the 
time,  giving  a  curve  of  pulsation.  By  using  several  microscopes  with 
similar  micrometer  eye-pieces  it  was  a  simple  matter  to  compare  the 
effects  of  different  stimulating  solutions  upon  melanophoree  of  the  same 
fish.  When  the  experiments  lasted  several  hours  and  tJie  movemente 
of  the  pigment  granules  were  relatively  sluggish,  this  method  proved 
more  convenient  than  the  automatic  method  described  below.  Fre- 
quently, however — as  for  example,  in  the  case  of  a  contraction  by 
KCI  or  an  induction  current — the  responses  were  so  rapid  that  it  be- 
came impossible  to  obtain  an  exact  record  of  the  pigment  migration 
in  terms  of  a  series  of  diameters. 

In  order  to  obtain  more  accurate  records  of  the  physiological  activi> 
ties  of  the  melanopbores,  the  following  grai^c  method  was  devised. 
The  movements  of  the  pigment  granules  in  a  sin^e  process  of  a  melano- 
phore were  followed  with  an  ocular  micrometer  carrying  an  adjustable 
scale.  A  cell  wns  selected  in*  which  the  processes  were  relatively  long 
and  strai^t.  A  single  process  was  then  brought  to  lie  at  right  an^es 
to  the  division  of  the  micrometer  scale  with  an  empirically  selected 
scale  division  just  tangent  to  the  outermost  pigment  granules  (&g.  la). 
When  distal  and  proximal  movements  of  the  p^iment  granules  occurred 
they  were  easily  followed  by  turning  the  adjustment  screw  of  the  ocular 
micrometer.    By  means  of  a  thin  belt  the  turns  of  the  adjusting  screw 

1  Spaeth:  Joum.  Exper.  ZOol.,  1916,  xx,  193. 
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by  meanfi  of  a  mechanical  stage  which  carried  the  entire  chamber. 
All  observations  were  made  with  a  7  Leite  objective  used  as  a  water 
immersion  lens. 

In  order  to  maintain  a  constant  base  line  it  was  necessary  to  devise 
a  mechanism  for  holding  the  melanophores  immovably  in  position 
throughout  the  period  of  observation.  This  was  accomplished  as 
follows.  A  piece  of  fiber-compoeition  was  cut  to  span  one  end  of  the 
diffusion  chamber,  leaving  a  short  flange  projecting  over  each  side. 
By  means  of  a  horizontal  set  screw  (fig.  2  b)  in  one  of  these  flanges, 
the  bridge  was  finnly  clamped  across  one  end  of  the  chamber.  In 
the  middle  of  the  bridge  a  vertical  set  screw  (fig.  2  c)  raised  or  lowered 
the  free  end  of  a  thin  strip  of  spring  brass  (Gg.  2  d)  attached  to  the 
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lower  surface  of  the  bridge.  The  free  end  of  the  brass  strip  carried  a 
small  two-pronged  fork  made  of  heavy  platinum  wires.  Figure  2B 
shows  how  a  scale  is  held  in  place  against  the  bottom  of  the  diffusion 
chamber  by  means  of  the  flattened  tips  of  the  platinum  wires.  The 
platinum  wires  serve  not  only  as  a  clamp  for  holding  the  scale  with 
the  melanophores  in  position  but  also  as  electrodes  for  faradic  stimula- 
tion. Short  pieces  of  copper  wire  were  fused  in  a  blast  lamp  to  the 
proximal  ends  of  the  platinum  wires  and  attachedi  to  two  binding 
poets  (F)  on  the  fiber  bridge.  The  two  platinum  wires  were  mutually 
insulated  by  means  of  a  short  glass  rod  lying  between  them.  This  rod 
was  attached  to  them  by  cement  and  was  similarly  fastened  to  the  free 
end  of  the  spring  brass.  In  order  to  avoid,  as  far  as  possible,  the  short 
circuiting  of  the  secondarj'  current  through  the  salt  solution  between 


r>' Google 


600  B.  A.   SPAETH 

the  prongs  of  the  fork,  the  flattened  ends  of  the  platinum  wires,  with 
tiie  exception  of  the  lower  surface  of  the  tips,  were  coated  with  a  thin 
layer  of  cement. 

A  second  type  of  difiFusion  chamber  was  found  to  be  veiy  convenient 
in  experiments  demanding  a  rapid  chuige  of  solutions.  This  con- 
sisted  of  a  circular  glaas  chamber  with  ^ass  inlet  and  outlet  tubes 
mounted  on  a  heavy  slide.  The  scale  was  kept  in  position  in  the  mid- 
dle of  the  circular  chamber  by  means  of  a  small  piece  of  cover  ^a» 
about  3  by  8  mm,,  bne  end  of  which  rested  upon  the  free,  bony  portion 
of  the  scale.  By  a  touch  of  vaseline*  the  other  end  was  made  to  adhere 
firmly  to  the  bottom  of  the  chamber.  This  arrangement  was  found 
particularly  useful  when  stimulating  with  non-polarizable  electrodes. 
The  movement  of  the  ocular  micrometer  scale  is  normally  accom- 
plished by  turning  a  milled  head.  This  head  was  replaced  by  a  small 
brass  crank  which  enabled  the  operator  to  obtain  a  continuous  and 
smooth  motion  of  the  micrometer  scale.  The  rotation 'of  the  oculu 
micrometer  screw  shaft  was  transmitted  to  a  set  of  wooden  pulleys 
by  a  light  belt.  A  piece  of  three-etrand  fish  line  with  the  ends  spliced 
together  gave  very  satisfactory  results.  The  pulleys  were  so  arranged 
that,  in  addition  to  the  three  transmission  speeds,  there  were  two  wind- 
ing spools  for  the  cord  carrying  the  heart  lever.  Various  combinations 
of  transmission  speeds  and  winding  pulleys  gave  magnifications  on 
the  kymograph  drum  ranging  from  940  to  3850  diameters. 

The  device  for  carrying  the  writing  lever  was  constructed  as  follovs. 
A  lead  block  (fig.  3,  L)  about  4.5  cm.  long,  carrying  a  heart  lever,  was 
arranged  to  run  on  parallel  brass  rods  (R)  the  ends  of  which  were 
screwed  into  a  small  iron  base.  A  heavy  piece  of  sheet  brass  {S)  was 
soldered  across  the  upper  ends  of  the  brass  rods.  By  maintaining 
a  constant  distance  between  the  rods,  any  possibility  of  sticking  <»*  of 
lost  motion  in  the  lead  block  was  prevented.  Through  a  hole  in  the 
middle  of  the  brass  piece  (S)  a  cord  (C)  was  passed  and  attached  to 
an  eye  in  the  lead  block.  The  other  end  of  this  cord  was  fastened 
to  the  winding  pulley  by  a  touch  of  sealing  wax.  By  turning  the 
adjusting  screw  of  the  ocular  micrometer,  the  lead  block  carrying  the 
writing  lever  was  raised  and  lowered  by  the  winding  and  unwinding 
of  the  cord  attached  to  the  pulley  axis.  The  advantage  of  this  arrange- 
ment as  compared  to  an  ordinary  heart  lever  lies  in  the  fact  that  since 
the  writing  tip  moves  in  a  plane  perpeadicular  to  the  base  line,  every 

'  The  vaseline  has  do  injurious  effect  on  the  melsnophorea. 
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point  of  the  contraction  curve  may  I)e  projected  to  the  time-interval 
line,  and,  since  it  is  unnecessarj'  to  apply  corrections  for  a  lever  arc, 
the  proRress  of  the  experiment  may  be  read  directly. 

In  experiments  with  salt  solutions  it  was  found  that  better  results 
were  obtained  by  momentarily  raising  the  objective  from  the  surface 
of  the  scale  when  the  solution  was  being  cbanfced.  The  raising  of 
the  objective  would  obviously  release  the  tension  on  the  transmission 


Fig.  3.  RccordinR  Apparatus  arranged  for  stimulation  with  non-palarixalilc 
(>lpctroil<'a.     Ix-tters  explaiiipd  in  text. 

I>elt,  and  the  weight  of  the  lead  block  would  move  the  writing  Icvor 
out  of  position.  In  order  to  maintain  the  position  of  the  writinn  point, 
even  when  the  objective  was  raised  alwve  the  surface  of  the  solution, 
a  spring  brake  wa-s  attached  to  the  pulleys,  adjusted  to  overcome  the 
rotary  tension  of  the  lead  weifjht  at  the  pulley  axis. 

M  the  l>eginnin(£  of  an  experiment  the  time  and  stimulation  signals 
were  aligned  with  the  moveable  writinK  lever  as  follows.  The  tip  of 
the  writing  lever  having  l>eon  lirought   into  contact  with  the  lower 
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edRC  of  the  drum,  the  eye-piere  micrometer  screw  was  fumeH  until  the 
writing  lever  had  traced  a  single  veKical  line  upon  the  smoked  paper. 
The  time  and  stimuhis  signals  were  now  brought  into  contact  with 
the  kymograph  paper  with  their  tips  on  this  vertical  line.  The  angle 
of  the  vertical  line  with  the  base  line  was  swljusted  to  90°  by  means  of 
a  levelling  table  carrj'ing  the  kymograph. 

The  most  obvious  disadvantage  of  this  apparatus  is  that  it  requires 
constant  attendance  and  manipulation  by  the  operator,  which,  in 
addition  to  t>eing  time-consuming  and  laborious,  introduces  a  personal 
equation  into  every  observation.  In  most  cases,  however,  the  reac- 
tions are  relatively  so  slow  that,  with  a  little  experience,  the  pigment 
may  readily  be  followed  with  the  micrometer  scale  division.  The 
advantage  of  the  apparatus  lies  in  that  it  affords  an  opportunity  for 
recording  graphically  the  physiological  responses  of  single  tiielano- 
phores.  Huch  graphic  records  an<l  a  discussion  of  their  significance 
in  the  problem  of  muscle  contraction  will  be  found  in  another  paper 
in  this  numl>er  of  this  journal. 
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